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I. INTRODUCTION

This code manual describes the Numerical Electromagnetic Code -
Reflector Antenna Code by which the near field and far field of a typical
Navy reflector antenna can Se calculated. One important feature of the
code is the capability for a general reflector rim shape. Another import-
ant feature is the capability to input a practically arbitrary volumetric
feed pattern.

the class of parabolic surfaces was implemented in the computer code.
The geometry of the reflector rim is treated as piece-wise linear.

The code for the reflector geometry is flexible enough to include off-
set fed reflectors and general reflector rim shapes such as elliptical
anu rectangular with chopped corners.

Since many Navy reflector antennas have parabolic surfaces, only ﬁ
|
I3

The theoretical approach for computing the fields of the general
reflector is based on a combination of the Geometrical Theory of Dif-
fraction (GTD) and Aperture Integration (Al) techniques. Typically,

Al is used to compute the main beam and near sidelobes; GTD is used to
compute the wide-angle sidelobes and the backlobes. To implement the
computer algorithms based on these theories, efficient ways were devel-
oped to handle calculations involving the feed pattern, the aperture
field and the far field pattern computation.

Sampled data from each measured feed pattern cut is input and stored
in the code. Linear interpolatioi. is then used to obtain a piece-wise
linear representation of the input pattern cut. The feed patterns in
planes other than those corresponding to the input pattern cuts also
are calculated by linear interpolation. This method provides a com-
putationally efficient way of calculating the aperture field without
requiring large amounts of computer storage for the measured feed pat-
tern. Only relatively few data points need to be stored for essentially
complete feed pattern information. Furthermore, the piece-wise linear
method has the advantages of flexibility and simplicity for general
feed patterns. No cut-and-try procedures are needed; the sample feed
values can be obtained directly from measured feed pattern data.

The aperture fields are calculated and stored on the principal
grid for use in the aperture integration. The principal grid values are
used for all output pattern cuts. The aperture fields are calculated at
points off the principal grid by using linear interpolation from the
principal grid. This is more efficient than calculating the aperture
fields from the feed pattern for each rotated grid that is used for
off-principal plane cuts.

The aperture integration uses an approach of overlapping subaper-
tures which allows a piece-wise linear representation for the aperture
distribution. Thus variations in the aperture fields can be represented
with relatively few subapertures. Furthermore, the subapertures can be




electrically large; thus minimizing the computer storage and also the
amount of numerical integration required. For far field computations,
a rotating grid method is employed in that the y-integrations are
carried out for each column of the aperture and each one-dimensional
integration result is stored. The stored values for the y-integration
are then used for each pattern angle in the plane perpendicular to the
y-axis; thus the efficiency approaches that of a one-dimensional inte-
gration. Even though the integration grid must be rotated to obtain the
pattern in other planes, the required grid rotation is computationally
much faster than the numerous two-dimensional integrations that would
otherwise be required.

The GTD and Al approaches used for the reflector code have a basic
limitation on the minimum size reflector that can be modeled. This limi-
tation is probably on the order of 1x to 3x for the reflector diameter.
However, virtually all practical reflector antennas exceed 31 diameter.
There is no limitation on the maximum size of the reflector for the basic
analysis.

This code manual documents the detailed explanation of this code
except the input data section which is described in the llser's Manual
[1]. The theoretical background on which the computer algorithms are
based is discussed in Section II. Section III consists of the actual
code descriptions of the main program and the various subroutines. For
each subsection of the main program and subroutine, the purpose and
metinod are included, accompanied by a flow diagram, a key variable list
and a listing of the code.

II.  BACKGROUND

A. Aperture Integration

For aperture fields with arbitrary polarization having both x and
y components, the near field can be expressed as

— 3 — -Jks
g:% ”[F Ef + Fy E9] &— dx dy

where F and F, are the modified vector element patterns associated
with two Huyge* s sources (crossed electric and magnetic dipoles)[2]
each having its electric field vector parallel to the X- and Y-axis,
respectively. These vector e¢lement patterns are expressed by

= [0 cos¢ - ¢ sine] °°s(%)

= [0 sin¢ + ¢ cos¢] cos(-g-)




The aperture integration is performed over the portion of the aper-
ture plane inside the reflector rim. For near field computations, a
rectangular grid size (D and DV) is chosen so that the aperture can be
divided into a pr1nc1pa] rectangular grid as shown in Fig. 1. Using the
approach of overlapping subapertures, the aperture is treated as a
collection of overlapping subapertures. Each subaperture is rectangular
in shape and consists of four adjacent grid rectangles. The aperture
distribution for each subaperture is triangular. The use of overlapping,
rectangular subapertures with triangular distributions permits a piece-
wise linear approximation to the overall aperture distribution of the
reflector. Furthermore, the grid spac1ngs D, and Dy can be e]ectr1ca11y y
large, i.e., several wavelengths in size. ﬁ1s further minimizes the
computation time. Thus the aperture integration results in a sum of the
pattern funct1ons of the rectangular subapertures weighted by the aper-
ture field E? and their respective areas. For far field computations,
the rectangular grid is rotated to form a non-orthogonal rotating grid
in which the y-axis is rotated an angle ¢ from the principal Y-axis.
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Thus the y-integrations are independent of 6 and can be stored. Conse-
quently, the far field pattern in the plane perpendicular to the y-axis
is reduced to a one-dimensional integration; this provides greatly
improved efficiency over the many two-dimensional integrations that
would otherwise be required. Detailed implementation of these integra-
tion techniques are given in the related sections.

B. 61D

This section summarizes the GTD analysis. For further detail,
see the section describing the subroutine GTD.

The GTD analysis of the reflector is similar to that of diffraction
by a flat plate[3,4], except that the curvature of the reflector surface
must be taken into account. It was found that the reflector rim must be
subdivided into nearly straight segments. A suitable criterion is that
each segment of the reflector rim be small enough that the focus lies
in the far field of the rim segment.

The GTD method used in the reflector code increments around the
rim and determines whether a diffraction occurs for each linear rim seg-
ment. This is done by comparing the diffraction angle with the bounds
on the permissible range of angles. If the diffraction for that segment
is not significant, the code checks the next rim segment. If the dif-
fraction is significant, the diffraction point and the vector for the
incident ray from the feed are calculated. This procedure is the same
as that used for the flat plate scattering code except that the geometry
information associated with the parabolic reflector surface is cnanged.

Once the diffraction point Xp is located, the diffraction angles
kg and 4 are defined in the edge fixed coordinate system at the dif-
fraction point. The three orthogonal unit vectors associated with thijs
system on each segment af the reflector rim are the edge unit vector V
the unit normal vector VN which is given by

VN = - sin % + i cos %

where

A

p = X cose + Y sing

and the unit binormal vector VP=VNxV as shown in Fig. 2.
The incident angles g, and ¢' anq the diffraction angles g, and
¢ and the associated unit vectors s » &' 8 and % which define the
ray fixed coordinate system are determ1ned using the incident ray unit

P~




vector VI, the diffracted ray unit vector d and the unit vectors in
fixed system as given by

the edge

>

Figure 2. Unit vectors associated with the
reflector rim.

= cin=l1avy
B, = sin [dxV| ,
-1 (=VI-vh
tan ~ ’
<-V'1°V>
tan‘] (‘E-y.ﬁ ’
d-v

-VP sing' + VN cos¢’

-Vb sing + VN cOS¢




as illustrated in Fig. 3.
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Thus the edge diffracted field from each segment, expressed in
parallel and perpendicular components referred to the ray fixed system,
is given by[5,6]

. --k
Ed(S) = -Ep(Xp) D (L) A(S) &3¢
d i -j
E3(S) = ~EL(Xp) Dy(L) A(S) e K8
!
where
3 -j 1
- FlkLa(s™)]; FLkL(8*)]
S;h = — - +
2v2nk sing, cos B cos B
2 2
g = ¢ F o .

a=2 cosz(%) s

o .2 .
2j| /x| edX JI/)T e 3" dr is the transition function,

"

F(X)

AS) = \%Y !',-1

for near field,

L = %igr sinzeo 1
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The slope diffracted fields are calculated in a similar way except that
the slope diffraction coefficients 3D./3¢' and 3D,/3¢' and the slope
3E1/3n of the incident field at the eage are used. Thus the respective !
parallel and perpendicular components of the slope diffracted field are
given by

: sE,"l(xO) 3D (L)

sd - -Jks
ER-(S) jksing,  an 3¢ A(S)e ’
i
esd(s) - ) aEl(xqz aD, (L) o-dks
1 jksing, an 3’
where
. T
3D ) 4L

Sih j\/%‘;’inso Jsm(g——) [1-FlKLa(8)1]
L
+ sin<%:) [1-F[kLa(s*)1]

Since each rim segment is small, the diffractions from its two
endpoints are significant. These diffractions are calculated by using
the corner diffraction analysis developed by Burnside, et al[7]. The
corner diffraction compensates for the discontinuity which occurs when
the diffraction point moves off of the rim segment. The corner dif-
fraction field is given by[7]

. T
-J —
ES |1z singc e 4
ES - My, 2n (0SB o+ COSB.) FlkLca(Boc’LBc)l
where
' i
I - EIO(XD) CS(XD)YO /ET eiksl
M EXO) | { Chixp)Zg
and




cs.h(xD) =

+
where
Le =S¢
and
L. ScSs
C S ¥

LA

-j - b
e 4 Fluasl)| || _ ta(e")
2/2nk sing, 8™ KLcalBoc*8c) |

cos 2—

A}

FlkLa(e*)ll F f La(s*)

+
cos &- l lFLca(80c+Bc)

J;

for far field

for near field

The other variables associated with geometry are shown in Fig. 4.

Figure 4.
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For near field calculations, the geometrical optics reflected
field must also be included in the total field if the observation point
js inside the projected aperture. Since the reflected fields from a
parabolic reflector are those of a plane wave with its wavefront parallel
to the aperture plane, the magnitude of the reflected fields can be cal-
culated from the aperture field and adding the appropriate phase term.

C. OUTPUT From the Code

If the field point is in the spillover region, the feed spillover
field is calculated and added to the total field from the reflector as
calculated by either Al or GTD.

For far field calculations or for near field calculations with con-
stant range, the total field is converted tv principal and cross polar-
ized components as referred to the polarization of the field components
from a Huygen's source. For near field calculations with constant z,
the field is still expressed in rectangular components.

Far field calculations can be made with or without the e-JkR/p
range factor and this is controlled by the input logical variable LRANG.
If the range factor is suppressed (LRANG=false) the dB output of the
code is expressed as antenna gain relative to isotropic.

For far field calculations including the range factor (LRANG=true)
or for near field calculations the output is expressed as the electric
field relative to the field level of the feed along its axis and at a
range equal to the focal distance of the reflector. In cases for which
the feed axis is aligned with the reflector axis (zero feed tilt angle)
this field reference is the aperture field at the center of the aperture.
Thus, the power density (based on free. space impedance) for these cases
can be calculated from

_PplEl
F2Prad
where
|E| = magnitude output of the code
Py = transmitter power (radiated)
F = focal length of the reflector
Prad = relative power radiated by the feed

(see Section 1)

The information for F and P.,q are included in the variable

10




4ﬂk2
REFDB = 10 log 2

F Prad

This variable is used to calculate far field gain and is %iven as output
from the code. Thus the power density in dB relative to | Watt/meter
(assuming Py is watts and 1 is meters) is given by

P
Sqg = 20 log|E| + REFDB + 10 log 74_17
n

Power density calculations can be used for radiation hazard predictions
or for calculating coupling in EMI predictions.

IIT. CODE DESCRIPTION

This computer code calculates both far field and near field pat-
terns of reflector antennas with general rim shapes and arbitrary feed
patterns. It uses a combination of Aperture Integration (Al) and the
Geometrical Theory of Diffraction (GTD) techniques.

This code is divided into two parts. The first part consists of
various command words which read al) the input data. The details of
this command word system is explained in the User's Manual[1] and thus
is not repeated here.

The rest of this code belongs to the content of the XQ command
witich performs the unit conversion of input data and all the computa-
tions to get the far field or near field results. Various subroutines
are called during the execution of this program and are described in
Part B of this chapter. In the main program, some of the sections which
need more detailed explanation are separated as subsections which are
actually expansions of their corresponding blocks in the flow diagram
of the main program.

The linkage of the subroutines to the main program is shown in
the following flow charts. All GTD calculations are controlled by the
subroutine GTD. The linkage of the subroutines to the subroutine RTD
is shown in the second flow chart that follows:
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A. MAIN PROGRAM
FLOW DIAGRAM

( s )

Declarations for variables,
common statements and
data statements.

Command word section
for input data
(see User's Manual)

Print feed pattern

Calculate power radiated by feed
(see Section 1)

Loop through various
frequencies

'




Calculate wavelength RLAM

Determine the length RIML
of each linear segment

Does the
YES reflector have circular
‘ rim?
(D>0?)

Determine total number of
rim segments NRIM and
calculate the coordinates
of rim points RIMS

(see Section 2)

Convert linear dimensions
to wavelengths

Set up the reflector coordinate S{stgm and
calculate constants associated with basic
reflector geometry

Calculate the gain reference in DB

'

15




NF

|

Set up principal grid by
calling subroutine GRID
with rotation angle=0

Calculate and store aperture fields
(see Section 3)

Calculate edge geometry associated
with GTD by calling subroutine GEOM

P2 loop

Calculate shadow boundaries
by calling subroutine SBDY

—YES field calculation?

FF

Set up rotated grid by
calling subroutine GRID

Y-integration
(see Section 4)

]




Set up switching criterion
(see Section 5)

Calculate number of points NAI,
for wihich Al is to be used

P3 Toop for Al
{I=1, WAI

Near fiel
calculation?
(LNF)

FYES WU

WF FF
Y-integration and
X-integration X-inteqration
| (sce Section 6) (see Section 7)
|
Calculate and add Calculate and add
feed spillover field feed spillover field
YES NO —
Constant Constant
Z cut Range

Convert rectangular
field components to
THETA and PHI components

Y [} Y

17




Convert ETHETA, EPHI to
principal and cross
polarized components

Express rectangular field
conponents in dB and phase
by calling subroutine
NBPHS and output data

Express principal and cross
polarized components in DB
and phasc by calling sub-
routine DBPHS and output data

Calculate number of noints NGTD,
for which GTD is to be calculated

Calculate and output #TD results
by calling subroutine GTD

Return for next

command word input

18
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CODE LISTING

I C
£ L * rAR AND NEAR FIELD PATTERN FOR PARABOILIC REFLECTOR ANTENNA *
3 C * KWITH GENERAL RIM SHAPE AND ARBITRARY FEED PATTERN *
4“4 O
1) DIMENSICN JL(%0) ,JU(50) . YLR(5¢) ,YUR(S() ,QYL(52),QYU(5R ), XN(3)
9] DIMENSICN KRHCS(2),CLRIM(67,2),CURIM(67,2),RIMS(67,2) ‘
U DIMENSICN RIM(07,2),VI(3),VIN(67,3),RMM(67) ,DELX(2) '
o) DIMENSION ANPF(10) JAP2(10) JrrREO(C1Q) (PHIN(1IS) ,PSIO(I5), '
Y IFP(15,15),PX(15,15) AEX(15),CANCIS)
(s DIMENSION NSNS(16) :
I COMPLEX EDX,EDY ENZ FDT,+DP,FIP,EIT,EIX,EIY,EIZ,PHEI,YEXP ,
172 COMPLEX YSUM(3,50) ,E2(2,50,5) ,E(2,50) ,CJ FH ,FHXP,FHXM, :
12 SEXP,FXM, YMie, YML, ERX, FRY, XEXP ,EXPL,FXP! ,EXPR,EXPM ,EAI ,EA2,
|« JYSLX,YSLY,YSLZ ,YSMX,YSMY,YSMZ, YSUX,YSUY, YSUZ ,PHSEA ,EAL (EAL, i
) 4 SUML X, SULMLY, SUMMX, SUMMY, SUMRX, SUMRY, SUMX ,SUIMY, SUMZ ,TMX , TMT ‘
16 COMPLEX CXCY,rFFXN FHYM,FHYP FYM ,FYP ,RFCT
17 LOGICAL LLFD,LAI JLFEFD,LGTD
& 1.LOGICAI. LSLOPLE ,LCORNR,LOUT ,LWFD,LRESET ,I.WRITE,LPLT
1y LOGICAL LDEBUG,LTEST,LWYSUM,LDEAS,LLDB, LCP,LNF,LRANG
24} COMMON/ILLOGDIF/1.S1.0PE,LCORNR,LLNF ,LRANG
21 COMMON /GRINDI/GRIDX,GRIDYEA
22 COMMON ZGRIN2/CICLRIM,CURIM ,RIM PG, XMIN ,XMAX,YMIN ,YMAX,
Q. SNLRIM,NUKRT M, GRIX GRDY,, ACOSP, TANP PCHG, MAXO,NRI M
AR COMMON ZGEOMI/X(67 ,3),V(6T7,3),MRIM
2hH COMYMON /GEOM2/VP(67,3) ,VN(67,3),BD(67,2) ,VMAG(67) ,RMC(67),
Q0 2VICOT,3), XM(67,3)
20 COMMOIl /DIM/MDRIM
28 COMMON ZSOKINF/ZXS(3)
2Y COMMON ZDIR/ZDX(I) JEIX,FIY,EIZ
Y CCiidl ZRF/ZRFCT,, X00(3) ,PHIE, P2 ,RR
1 CummON /GTIN/LEEED,LLOUT,LCP, LWNRITE,COSPT ,SINPT ,REF ,TEM2
32 COMMON ZFED/N2 ,PHIN,PX,FP,LDB,NCK,NPHI ,NPW,AEX,CAM,PSI O, PSIT
oo COMMON /COMP/CX,CY,GF,PHP, PHO, KX ,KY, ISYM,SINTL ,COSTL
S COMMON /P1S/P1,TPI ,DPR
K33} COMMON /PREV/1IPR,PREP,PREX,PRES
S0 COMMON /TEST/LDEBUG,LTFST,NTEST
K] COMMON /FOCAL/F,Z0P
s8 COMAON /BFEDY/ZRHOS
Y CUOMMON /BDY2/THI1 , TH2,THER
4y} COMMON /REFL./D,R0,1Cq,JCO
41 COMMON Z0UT/MW
42 DIMENSICN IR(24),ITC(14)
45 DIMENSTON LABEL(2,3),UNIT(3)
Lo DATA UNITZ1. ,.3048,0.4254/
by DATA TABELZIEHMETERSFEET  INCHES/
40 DATA T1/7421DCsTOSENSFQINFSNXILPsPPSCMICESTI.sPZsXQtENS/
4y DATA DEL/Z0 0L/
ab DATA C/Z2.D8/
LYy NiEST=¢
Hi) TEMZ2=3. 713710678
19




901

1w

Cl=(ia,1.)
MDPAT=30 1
MDEA=SY
MDFP=15
Mk IM=04

e

LMY DEFAULT DATA 112

Con

L_—_—-—
WRITE(6,3002)
WKITE(6, 3010)
WRITE(6,2610)

solo  FORMAT(2H *,720,”DEFAULT DATAZ,T79, | Hx)

WRTITE(6,3006)
WRITE(6,3006)
20"  CONTINUE
Coem——- NX3 COMMAND ————— e —————
LRESET=.TRUE.
LDEBUG=,FALSE.
LTEST=.FALSE.
LHYSUM=,FALSE.
LOUT=.FALSE.
LSLOPE=,TRUE.
[.CORNR=, TRUE.
LAI=.TRUE,
[.FEED=.TRUE.
1.GTh=.FALSE.
/ZX=0.
THEET AX=w.
ILLFD=.FALSE.
I.CP=,FALSE.
LLB=.TRUE,
1SYM=]
TAU=YY.
NPHI =2
PHINC1)=0.
PHIN(2)=v0.
NPW=1
AEX(1)=hH,
AEX(2)=6.
CAN( 1) =p,09
CAN(2)=p.1
PSIO(1)=120.
PSI0(2)=140,
IUNIT=3
F=8.
GRIDX=0).6
GRIDY=0.6
D=24,

20




-

1l
w2
16
w4
ey
1o
1¢7
lus
104
Hu
RN
12
I3
114
Ih
llo
115
g
1y
12
121
122
123
124
125

12y
150
131
152
[
134
135
15¢
137
156
13y
l4p
"ll
142
143
144
144
146
147
148
14y
15H¢:

R
<6

177150}
ctn
2YYY
26!
a0HY
202

SK03

crt

clit
ciit
Ciit
Cin
CHel
Cot
cr
Cin
NEE
Cii

PSIT=0.

YC=¢.

NFRQ=1

FREQ(1)=11,

IpP2=1 f
AP2(1)=0,

AP3I=0.

AP3F=90.

ADP3=5,

ILWRITE=.TRUE. ‘
LPLT=.ThUE. .
INPF=0

X00(1)=0.

X00(2)=0. |
X00(3)=v. ‘
PHIE=0.

KANG=10L©vd.

LHANG=.FALSE.

LNF=.FALSE.

GO TO 31w

CONTINUE

LLKESET=.FALSE.

WRITE(6,3006)

FORMAT C1 X, 1H*, 76X, iH*)

KRITE(6,2006)

WRITE(6,3005)

FORMAT(1X,26(3Hk%%))

RiZAD IMN VARIOUS COMMAND OPTIONS.

READ(S,2001 END=3024)(IR(I),I=1,24)

- FORMAT(24A3)

WRITE(O, 3602)

FORMAT (///1X 26 3H%%%) )

WRITE(6,30€6)

WRITE(O,3063)CIR(1), I1=1,24)

FORMAT C1X, IH*,2X,24A3,2X, | H¥)
IF(IK(1).EQ.IT(9).0R.IR(1).EQ.IT(12))G0 TO 390n
WRITE(G,3006)

WRITE(6,2006)

CHECK AGAINST STORED OPTIONS

DG C(ITC1)) s DISH GEOMETRY INPUT

TO (IT(2)) 3 TEST DATA GENERATION OPTION.

FD (IT(Z)) & FEED PATTERN DEFINED

FQ (I171(4)) s FREQUENCY RANGE DEFINED

NF (IT(5)) s NEAR FIELD

NX (IT(0)) % RESET DEFAULT DATA

LP C(IT(7)) s LINE PRINTER LISTING OF RESULTS
FP (11(8)) 8 PEN PLOT OF RESULTS

CM (17(%)) 3 COMMENT CARD

21




Naar et

LYY CE (ITC19)) 8 END OF COMMENT INFORMATION
CY¥t TL (ITC11)) & FEED TILT ANGLE AND APERTURE CENTER
5 ClYt PZ (IT(12)) 3 PHI PATTERN CUTS DEFINED
L1t XQ (IT(13)) 3 EXECUTE PROGRAM
Ctit EN (17¢14)) & END PROGRAM
Cote
IF (IRCIJEN.IT(1)) GO TO 3100
IF (IRC1).EQ.IT(2)) GO TO 320@
IF (IR(1).EQ.IT(3)) GO TO 3300
IF (IRC1). FO 1T(4)) GO TO 3400
IF (IRC1).EQ.IT(5)) GO TO 3500
IF (IRCD). Eu IT(6)) GO TO 3609
IF (IR(1).EQ.IT(7)) GO TO 3700
Ir (I4(1).E0.IT(8)) GO TO 3800
I¥ (IRCHLEOLITC11)) GO TO 4p0@
I (IRCDLEQLITCI2)) GO TO 4100
IE (IRC1).EQ.ITC13)) GO TO 4300
I¥ (IKC1)L.EQ.IT(14)) GO TO 3004
WRITIEC6,3021)
%621 FORMAT(” *%%  PROGRAM ABORTS!!! COMMAND INPUT IS NOT PART OF

’
9

i# STOKRED COMMAND LIST ks )
sb4 CALL EXIT

L ———
210 CONTINUE
=————- NG CONMAND ———— e ————————
Cs$SS
CesS  ITUNIT=UNITS USED TO INPUT THE FOLLOWING LINEAR DIMENSIONS
Csss 1=DIMENSIQNS INPUT IN METERS
(s55 2=DIMENSIONS INPUT IN FEET
(CSSS 3=DIMENSIONS INPUT IN INCHES
Csss
CYss
CesS  F=FOUCAL DISTANCE OF THE PARABOLA
eSS
€S5S OHIDX=GKID SI1/7F IN X=DIRECTION USED IM APERTURE INTEGRATION
LSS5
Cs%s  GRIDY=GKID SIZE IN Y-DIRECTION USED IN APERTURE INTEGRATION
Cs5S
Cess D=DIAMETER GF REFLECTOR. IF INPUT GREATER THAN ZERO ASSUMED
(S 5S CIRCULAR AND CODE GENERATES THE RIM POINTS. IF LLESS THAN ZE
hwU
555 I DATA INPUT WITH FOLLOWING READ STATEMENT
C$sS
5 0SS NOTES ALL AROVE DATA INPUT IN UNITS SPECIFIED BY IUNIT
CSSS
IFCMNOTJLRESETYR:EAD (5,~) NIINIT,F,GRINX,GRIDY,D
WhITE (¢ ,3101) (LAREL(N,IUNIT) N=1,2)

Sl FOKMAL (2H *,7  LINFAR DIMBMSION INPUTS ARE IN 2 ,2A3,T79,1Hk)
WRITE (0,30v006)
UNITCO=URTT(IURIT)
IF (Dallotde) GO TO 3104
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Job

237
25t
234
REN
24
242
245
244
244
240
247
248
LhaYy
2Hi

WRITE (0,31,.2) D
<1w2  FURMA[ (2 *,78,/CIRCULAR REFLECTOR WITH APERTURE DIAMETER =7,
2EY2 1T g1 HY)
WRITE(O, 30606)
GO TO 3112

CosEs

C$$s  Ir DIAMETER OF DISH IS DEFINED NEGATIVE ABOVE,THEN INPUT RIM
€SS POILLS DIRECTLY

($%S

Cyss  NHIM=NUMBLR Or RIM POINTS INPUT

LSSy

CvSS KIM(HE, 1)=X-POSITIOM OF THE NE-TH RIM POINT

LSS KIM(NE,2)=Y-POSITION OF THE NE-TH RIM POINT

Cess

M4 IF (DeLE.WANDO(.NOT.LRESET)) READ (5,-) NRIM, ((RIM(NE,N),N=1
yar

INE=1,NRIM)
WRITE (0,3106)
180  FORMAT(2H *,T1¢,”COORDINATES OF RIM POINTS IN METERS’,T79, IH*
1)
2/2H *, T2, RIM POINT”,9X,2X”,14X,2Y?", T79,1H*)
WRITE(6,30¢6)
DO 3116 NE=1,NRIM
WRITE (0,3108) NE,(RIM(NE,N) N=1,2)
KIMS(NE, 1)=RIM(NE, 1 )*UNITO
RIMS(NE,2)=RIM(NE,2)*UNI TO
2168 FORMAT(2H *,129, 15,2F15.2,179, 1H%)
2118 CONTINUE
2112 WHITE (6,3m16)
WRITE (0,311%) F,GRIDX,GRIDY
3115 FORMAT(211 *,71¢, /FOCAL DISTANCE=/,F9.2,T35,/GRIDX=",F7.3,5X,
27GRIDY =4 ,FK7.3,T79, 1 H*)
FOCUS=F*UNITG
GRX=CRILX*UNITO
GRY=GHIDY*UNITO
A=, 5*xDAUNT10
IF (LKESET)GO TO 3300
GO TO 3ue¥
R
220 CONTINUE
(=—=== 108  COMMAND ————memmm———
(H5S
C$$S  LDELUG=DEBUG DATA OUTPUT ON LINE PRINTER(TRUE OR FALSE)
CSSS
Ce$$  LIEST=TEST DATA TO INSURE PROGRAM OPERATION(TRUE OR FALSE)
C$S8S
Cs$$ LWYSUM=KRITL YSUM DATA OM LINE PRINTER(TRUE OR FALSFE)
C9SS
C$$S  LOUT=0UTPUT MAIN PROGRAM DATA ON LINE PRINTER(TRUE OR FALSE)
5SS
Cv$s  LWFD=GUTPUT FFED PATTERN DATA ON LINE PRINTER(TRUE OR FALSE)
CssS
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251 READ (5,-) LDEBUG,LTEST,LNYSUM,LOUT, LWFD
2H2 WRITE(6,3201)LNDERUG, LTEST, LWYSUM,LOUT, LKFD
23 520l FORMAT(2H *x,5X,”21L.DEBUG= 7,12 ,5X,?1.TEST= 7 ,1.2 ,5X,’LWNYSUM=" 12,
2B 4 15X ,2LOUT =2 ,1.2 ,5X,?LAFD =2 1.2, T79, IH*)
2tH WITE(O,3006)
20 CsSS -
297 C$s$S  LSLOPE=SLI.OPE DIFFKACTED FIELD DESIRED (T OR F)
L LY 59
WYy CesS  LCORNK=CORNFL DIFFRACTED FIELD DESIRED (T OR F)
Yo C999S
Jo) READ (Y o =)LSL.OPE ,LCORNR
200 ARITH(0,3202)1.SLLOPE ,1.CORNR
205 2262 FURMAV(Z2H *,5X,?1.S1.OPE= 7,12 ,5X,”LCORNR= 7 ,L2,5X,
2064 1T79,4 111%)
205 LSSS
2¢6 CvSS  TAI=APEKTURE INTEGRATION SOLUTION INCI UDED (TRUE OR FALSE)
JUT LLss
268 C$$S  LEFEED=FEED SPILLOVER INCLUDED IN SOLUTION (TRUE OR FALSE)
209 (LS$SS
27 C$$%  LGTD=GTD INCLUDED IN SOLUTION (TRUE OK FALSE)
271 (LSS
212 C$%S THETAX=PATTEKN SWITCHING ANGLE FROM Al TO GTD
275 CLss$S
214 €$SS  ZX=STARTING CRITERION FOR USING AI IN NEAR FIELD CALCULATION 1
275 C$$S
2106 HREAD(5,=-)LAI ,LFEED,LGTD, THETAX,ZXP
247 WRITE (6,306)
278 WRITE (0,32004) LAT ,LFEED,LGTD
21y s2¢4  FORMAT(2H *,5X,7LAIl =/,1.2,8X,/LFEED = ,1.2,6X,’LGTDh =7/,
284 212, T79, 1Hx*) I
261 WRITE (6,3006)
282 WRITE (0,32006) THETAX,ZXP
285 2200 FORMAT (2H *,5X, ?THETAX =7 F5.2,5X,?72X =2 ,FI102.3,T79, 1H*)
Jod ZXP2=/ XP*UNITO
a8sH GO 10 3¢vy
2HO ((m=m=——-
J87 2Z¢v CONTINUE
2L Lm—m—— FD3 CONMMAND —————————————
289 KX=0
24 KY=¥ 1
241 CX=TEM2+CI*0,
2Y2 CY=CJ*TEM2
252 (C95S3 |
2%4 C$sS  LLFD=INPUT FEED PATTERN IN TERMS OF I.INEAR DATA POINTS
2%5H ($u$ [F .TKUE. OR ANALYTIC FUNCTIOM IF (FALSEF,
250 USSS

297 Cv$s  1CP=FEED IS CIRCULARLY POLARIZED (TKUE OR FALSE)
QY8 (o9

2%y (9SS LDB=FEED DATA INPUT IN DB.,IF LDB=.TRUE.

300 C95S I.LINEAR FEED DATA INPUT, IF LDB=,FALSE.

24




e 3¢1 C9ss

,' w2 C$S$  COEFFICIENTS OF THE FEED PATTERN

_ 303 Csss

| 304 C$$S 1SYM=0) NO SYMMETRY

| 36 C$SS 1SYN=] EVEN SYMMETRY W.R.T. X AND Y AXIS
300 Csss ISYM=—1  ODD SYMMETRY W.R.T. X AND Y AXIS
307 €S58S 1SYM=2 EVEN SYMMETRY W.R.T. X AXIS
0o C5ss ISYM==2  ODD SYMMETRY W.R.T. X AXIS
3¢y Cs$$ ISYM=3 EVEN SYMMETRY W.R.T. Y AXIS
318 C$8S ISYk==3  ODD SYMMETRY W.R.T. Y AXIS
311 Cs$SsS
212 C9ss
313 C¢s$  PSIT=TILT ANGLE OF FFED RELATIVE TO -Z AXIS IN THE YZ PLANE.
314 C$$s NOkMALLY ZERO $HOWEVER USFFUL FOR OFFSET REFLECTONR
31 €SS
316 C$$5 TAU=LINEAR POLARIZATION ANGLE RELATIVE TO X-AXIS OF FEED
317 Csss
3l IF(.NOT.LRESET)READ(5,=)LLFD,LCP ,LDB, ISYM, TAU
31y NCK=2
320 IF (LLFD)NCK=0
321 IF (LCP) WRITE (6,33a1)
322 3391 FORMAT(2H *,T8,”CIRCULARLY POLARIZED FEED’,T79,1H)
3253 WRITE(6,3006) 1
324 WRITE(6,3302 ) ISYM
324 3502 FORMAT(2H *,18,7FEED PATTERN SYMMETRY GIVEN BY$ISYM=<,[2,
326 1179, 1H*)
327 WRITE(6,3000)
32b CySS
329 C$$s NPHI=NUMBER OF INPUT FEED PATTERN CUTS
3o C$SS
331 C$$$  PHIN(N)=PHI ANGLE OF N=TH INPUT PATTERN CUT
332 C$$S
525 IF(.NOT.LRESET)READ (5,=) NPHI,(PHIN(N),N=1,NPHI)
354 I¥ (LCP) GO TO 3305
335 WRITE (6,3303) TAU
330 3303 FORMAT(2M *,T8,”LINEARLY POLARIZED FEFD’,T79,1H%,/2H *,T79,
357 21H*,/2H *,Ti0,”POLARIZED ANGLE =’,F7.2,T79,1H#*)
334 WRITE(6,3000)
55y TAUR=TAU/DPR
340 SINTU=SIN(TAUR)
34 COSTU=COS( TAUR)
342 CX=COSTU+CJ*@.
342 CY=SINTU+CJ*@.
344 3305 CONTINUE
345 1F(LDB)KRITE(6,4002)
346 4002 FORMAT(2H *,T1®,’FEED DATA INPUT IN DB.”,T79, I|H¥)
347 1F(.NOT.LDB)WRITE(6,40@3)
348 4003 FOKMAT(2H *,T1d,LINEAR FEED DATA INPUT?,T79, 1H*)
349 WRITE(6,3006)
350 IF (BABS(CX) .GT.1.D=5) KX=1
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crnt

eSS
Cs$SS
C$SS
Us$S
CYSS

LS

C9s$S
Cess
LSS
CsssS
Csss
(ssS
Csss
eSS
+C AN
Csss

33u8

sl
a0 12

Y B2)
(.$55
Less
(0293
C9$SS
CSS$S
(OR-31

o314

[F (BABS(CY).GT.1.1)=5) KY=1

WRITE(6,30006)

PNI=PHINCL)

PNN=PHIN(NPH])

IB=1ABS(ISYM)

PHQ=w.

PHP=w,

CHECK INITIAL AND FINAL INPUT PHIN

IF (IB.EQ.1.AND.(PNI . NE.?..OR.PNN,NE.Y®.)) GO TO 285
IF (IB.FO.2.AND. (PN] NE.P..OR.PNN.NE.184.)) GO TO 285
It (IB.EO.3,AND. (PN) . NE.=9?, .O0R.PNN.NF.9%.)) GO TO 285
Ir (LLED) GO TO 3315

ANALYTIC FEED PATTERN INPUT(LLDF=,FALSE.)
NPW=COSINE RAISED TO THIS POWER
AEX=EXPONENTIAL FACTOR TO CONTROIL. SIDE 1.OBE LEVEL

CAN=CONSTANT TERM TO APPROXIMATE FAR OUT SECTION OF FEED
PATTERN

PSIO(N)=ANGLE TO CONTROL THE ZERO ASSOCIATED WITH COSINE
FOR THE N-TH PHI INPUT FEED PATTERN CUT

NOTEs FEED=CEXP(~AEX*(PSI/PSIO)**2)*COS(.5*%PI(PSI/PSIO)) *ANPK

IF{.NOT.LRESET)READ (5,=)NPW,(AEX{(N) ,CAN(N) ,PSIO(N) N=1,NPHI)
WRITE (6,330U8) NPW

FORMAT (2H *,T12 ,S5HNPW =,12,T79,1H*,/2H %, T16,’N”,T26,
17PHIN(NYZ , 6X4?PSTO(N)Y? ;9X, 7AEX(N)? ,TX,?CAN(N)? , T79, I Hx)

DO 3512 N=1,NPHI

NRITE (6,3310) NGPHIN(N) (PSIO(N) JAEX(N),CAN(N)

FORMAT(2H * T15,12,3F14.,1,F13.2,179, 1H{%)

CONTINUE

GO 18 ey

NI=¢

[LINFAK FFED PATTERN INPUT(LLFD=,TRUE.)

N2=MAXTMUM NUMBER OF [FEED PATTFRN POINTS TO BE READ FOR
ALL INPUT PHI ANGLES

IF(.NOTCILRESET)READ (5,=) N2

WRITE (0,3318) N2

FORMAT (2H *,T1¢3,MAXIMUM NUMBER OF FEFD POINTS=2,12,T79, 1H*)
WitI'lE(0, 30100)

JE (M2, CT.MDFP) GO TO 272

NPP=NPH] +1
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44, |
4¢ 2
44,5
404
a4t
4o
af5%
408
40y
41y
41
412
415
414
41
410
417
414
41y
42
42}
422
423
424
424
420
427
428
424
430
431
452
43
434
434
450
457
48
4Ly
44
441
442
44,5
444
A4
440
A47
448
444
45 ()

232
2322

Ir (KY.EQ.¥) WRITE (6,3320)

IF (KX.EN.®) WRITE (6,3322)

FORMAT(2H *,T8,7 X-ORIENTED DIPOLE FEEN’,T79, 1H*)
FORMAT(2H *,T8,7Y-ORIENTED DIPOLE FEED’,T79, IH%)
WRITE(6,3006)

DO 3340 NP=1 ,NPHI

WRITFE (6,3325) NP,PHIN(NP)

2525 FORMAT(2H *,T8,5HPHIN( I 1,3H) =,F6.1,T79, H%)
WHITE(6,3006)
WHITE (0,3326)
3320 FORMAT(2H #*,Ti@,27HPIECEWISE LINEAR FEED INPUT,T79, |H%,/
22H *,T16,3HPSI ,T31 , 1HF, 12X ,5HF (DB), T79, I H¥)
WRITE(6,3006)
DO 2340 K=1,N2
CS$s
($55 PSIX=K-TH PSI PATTERN ANGLE OF INPUT FEED POINT
C$$s
($$S FN=PATTERN VALUE IN DB.
Csss
IF(.NOT.LRESET)READ (5,-) PSIX,FN
PX(NP,K)=PSIX
FP(NP,K)=FN
IF (MP.GT.1) GO TO 3328
PX(NPP ,K)=PSIX
FP(NPP,K)=FN
3328 IF (LDB) GO TO 333@
AFN=ABS(FN)
IF (AFN.LT.1.E-5) FDB=-504,
IF (AFN.GE.l.E=5) FDB=2@,%*ALOG1@ (AFN)
GO TO 3332
53330 FDB=FN
FN=10. %% (FDB/204. )
3332 WRITE (0,3334) PSIX,FN,FDB
3334 FORMAT(2H *,T10,F10.2,F15,4,F13.2,179, IH*)
3340 CONTINUE
GO TO 3400
(me—————
Z4¢%  CONTINUE
C====~= FOt  COMMAND ————ememem o
Csss
C$$S NFRQ=NUMBER OF FREQUENCIES CONSIDERED IN COMPUTATION
C$$s
C$$5  FKED(I)=I-TH FREQUENCY IN GIGAHERTZ
C$$S
READ (9, =)NFRQ, (FREQ(I) ,I1=1 ,NFRO)
WITEF (06,2401 )NFRQ, (FREO(T) ,I=1,MFRQ)
401 FOKMAT(2H #,7 FOR THIS GEOMETRY,THERE WILL BE “#,13,7 FREQUENC
1£57

142 CONSIDIZERED AS FOLLOWSSZ ,T79,1H*x /2H * 10(F6.2,7,’),
2T19, 1H*)
GO 1O 300
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452 HW
4H5 Ce=-
44 4
4L
440
a6
45,8 251

444
4069
461
4062 2942
462
404
405 ZHpH
460 ZHVO

467
468
469 1BV

47y
471
472
:
47 4
47% ZHis
476
457 ZHUY
4758
47y

41 10w
482 C==-
4653 (CSSS
44 (CS5S
485 (5SS
430

487 ZT¥)
488

44 ¢

442 i)
45 (o=

PIPTN
LR N % B R '

cCcc
L L LS
" n

23CF6.2,747),7 )2 ,079, 1 H*)

4yl ===~

""""""".!'_!!!II!!!T"""!!!!!""""""""“""11

LS [ Cp—

CONTINUF
NE2  CORNMID  mememe—eme— e
KREAD (% ,=) LNF,LRANG
WRITE (0,3020)
I (LHES GO TO 3515
W7 (6,5501)
FORMAT (211 *,19,?FAKR FIELD PATTERN WILL BE CALCULATED’ ,T79,1H

IF (NOiLRANMG) GO TO 3¢

READ (L,=) RALG

WRITE (€ ,2502) RANG

FORMAL (2H * ,T10 2 WITH KANGE =7 k112, T79, 1H*)
RANG=RALG*UK]ITO

GO 10 3eon

WRITE (6,35406)

FORMALY (2H *, TS, ?NEAR FIELL PATTERN WILL BE CALCUILLATED?,T79,1

READ (5,-) PHIE, (XCC(I),I=1,3)
WRITE (€,35007) DPHIE, (XOO0(1),I=1,23)
FORMAT (2B * T 13,2IN PHIE =2,F7.2,7 D:GkiEk CUT, AMND ORIGIN AT

XO1=XCOC1)*UNITO

X02=X00(2)xUlt'ITO

X03=X0O(Z2)xUMNTTO

IF (LHANG) FEITEE (6425%3)

FORMAT (2H *, 01,2 WITH COUNTANT RANGE?,T79, 1H*)
IF (JNOL.LRANG) dRITE (6,3519)

FORMAT (2H *, 110,72V ITH CONTANT Z CUT2TT9, 1iix)
VRITE (€ ,3516)

GO TO 3¢u

asy C———=-=

CONTIHUF
LIP3 CONMAKD  —mmm—mmmm e e

SLT JRITE OUTPUT FLAGC €O DATA VRITTEM OUT ON LINE PRINTER.

WRITE(6,37¢1)

FORNAT(2H *,5X,7 DATA WILL BE= CUTPUT oM LIME PRIMTZ: v11el
1T79, 11x)

LHKRITE=,TRUE,

GO 1O 3¢y

CONT LN
PPt COMMAN)  =ememmm—mo——— e

SET FLAC SUCH WHAC TEE BATA WILL BE PCEN PLOTTED
IN CTANGUL AR FORT

READ (54,=) LPLL,1LPF

IF (Lol WRITEF(O,2802)
FORMAUCOE #,5X,27DATN WILL 2 OUTPUT 17 PUEN PLOTIER 1112, T79,1
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T e vy = e

Yol
Lyl
Y s
LYoa
1611739)
Y e
12
91713}
Yty
1w
i

U U U Ur
SAaradatG
N—ZC™T

[

[Sgaub g
S AN
cU N

H47q
Y4
24Y
HHY
b5 1

IF (NOT.LPLT) PRITE (85,3804)
S84 FORMAT (211 *,H%, LG PLOY GUTPUT CENERATLD? , 079, 1 k%)
IF (INPF.EC.#) GQ TO 3¢u
IF (LIIPF.GTe) READ (5,=) (ANPF(L) ,L=!,INPF)
IF CINPF.LT.#)READ (54=) AMPE(1) JAVPF(2)
GO TO 3¢9

Y CONTINNE
(mm———— CMs Ok CEs COMMAND —————— e e
€SS9
C555  READ MCNsw CARDS AS CORMENTS UNTIL A "Clsw CARD IS IVPUT WHIC
I
C%%S  NDS COMMENTE
Cs$sS
Sy IFUTECI)YJEQLITIY))IGO TO 3¢¢0
REAN (S, 3001, EMD=3304) (I (1), I=1,24)
WRIT-(H,3003)0(13(1),1=1,24)
IFCLRPCT) JEQUIT(O)LORLIRCD) JENJITCIM) GO TO 2999

GO TO 3059
(oo
L CONTINUE
Commm—= TLs CUVMMAND s em e e
Ces$sS
C$ss  PSIT=TILT ANGLE OF FELD RELATIVE TO = AXIS IN THE YZ PLAMNG.
Cess NORMALLY ZERO sHOWEVER USEFUL FOR COFFSET REFLECTOR
C$ss
Cs$S  YC=Y-COURDINATE OF APERTURE CENMTER
Csss

KEAD (9,~) PSIT,YC
Wkl'llE (o,40¢1) PSIT, YC
<l FORMAT (2H %, TID2FEED AXIS TILT ANGLI: =2,8.2,779,11x /21 *,
21794 IHX g Z72H %, T1IJ,2APERLTIRE CENTER AT (€4,2,F0.3,2)2,T79,101%
) +
YCM=YC*UNITO
WRITE (0,30¢0)

GO TO 3060
(= —— =
<1 CONTINULE
Comm—mn PZs COME AND) ——————————eeee—
Csss
Css$s  1P2=ABSOLUTE VALUE CF NUMBER OF PATTERM CUTS DESIRED.
Css$s [+ IP2 LESS THAN ZExCQ (THEN INPUT ANP SUCH THAT
Csss P2=AP2 (1 )+(N=1)*AP2(2) FOR N=(" TO I=/IP2/-1.
Csss IF' IP2 GREATCk THAN Zi:RO (TIEL IP2UT THE OESIRED
Csss PATTERN CUT VALUES IMNPUT DIRFCTLY
Csss
KEAL (5 4=)1 12
NP2=1ABL(IP2)
WHITI:(6,4101)MP2
4191 FORMAT(2H *,7 USING THE PRESENT GEOMELRY, THERE WILL P 2,13,

12 PATTERN CUTS COMPUIEN? (TT79,11i*)
WRITH(G6,3¢N0)
FRITECO, 20056)




2 U$SS
. LSsS
v LSS

CossS

5« | 2

«103

Cess
Cess
Cess
CSS5S
Cess
Coss
Ceso

4114

<1
,

4160

ANP=INFURMATION ASSOCTATED WITH THE DESIBED CUTs. THIE
DEFINITION OF '1HIS AKAHGAY IS GIVED IN THE: PREVIOUS CGIMENTS

IF (IP2.G1.0) READ (Lby=) (AP2(L),L=1,iiP2)

IFCIP2.CT. O HITECO,41:92) CAP2(L) ,L=1,"P2)

FORMAT(2H *,7 SINCE IP2 IS POSITIVE Ti'F FOLLOWING CUTS WILL‘
147 BE COMPUTEDSZ (T79,1H* /2H * 8(F6.14,72,7),T79,1Hx)

IF (IP2.LT.0) READ (%,-) (AP2(L),L=1,2)
IFCIP2.LT.ZIWRITE(6,4193)AP2 (1), AP2(2)

FORMAT(2H >,/ PATIERN CUTS WILL BF CCMPUTED STARTING AT P2=4
LyFOe 1,7 AND INCREMIENTED BYZ 5641 ,T79,11*)

WrITE(O, 30000)

ADP3=INCREMENTS IN PATTERN VALVES FCR EACH CUT

AP3I=INITIAL THETA ANGLE OR rHQ FOk EACH COMDUTED DPATTERM CUT

AP3F=rINAL THETA ANGLE OR RHO FOR PATIE&KM CUT

READ (D 4 =)AP3T 4, AP3F ,ADP2

WHITE (0,4104) AP3],APZF

FORMAT(2H *,bX,2AP3T =2 ,F7 .2 ,5X,2AP3F =4 ,r7.2,T79, 1H%)

WrITE (6,3006)

WHITLECO,4185)A1P3

FOUMAT(2H *,7  FOR EACH CUT THE PATTEsM WILL BE COMPUTED LACH

1ot6e 142 DECKEES THETA ORZ,T79, 1H&,/2H *,T79,111%, /21" %,
2% INPUT UNIT IN RHOZ,TT9, litk)

IF CNOTLLNF) GO [0 4166

WRITE(O, 2006)

GO TO 366

[ —

L LS

R

CCc

(4]
br

CONT It
XQ2  COMAAND
KECT=(1.,0.)
SINIT.=SIN(PSIT/DPR)
COSIL=COS(PSIT/LPR)
IF (OT.LWFD) GO TO 79

—— D RS s . . ——— T, P —— . ————— -

*%k DRINT FCED PATTERI %%k

IF (NCK.EO.) DPSI=b,

IF (NCK.EQ.2) DPSI=PSIOC1) /10,
PHIP=d.

DO oo NP=1,2

WRITE (6,68) PHIP

FORMAT(/Z2H F T5,6HPHIP =,F7.2, 1X,2¢PH DEGREE FEED PATTERN (T79 1

29/2H F o 11X SHPST ¢T29,2HGX, 11X 2PCY (TTY 4 1 HF)
WRITE(G, 310016)
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o OV |
ope
0¥
o6V4
ouh
666
oV’
68
oY
ol
oli
ol2
61z
ol4
61y
oio
617
ols
o1y
024
o2l
022
625
624
025
026
627
628
62¢y
03
651
6:2
033
034
03YH
626
037
038
03y
o4y,
04 |
642
64
0449
04YH
040
047

coac

04
o4

66

1%,

75

16

PSI=a,

Lu 6 1=1, 1y

CALL FEFD(PSI FHIP PSA,PHGAM)
CX=IABS(Gr*CX)

GY=BABS(CE*CY)

I (MO LDE)Y GO L0 62

IF (GX LT.1.1=9) GX==11¥,

Ik (UY Lielab=5) GY==1i,

IF (Gholrie loat=9) GX=20,%ALOGIN(GX)

[F (OYJCGE. Tob=h) GY=20 % AL OG1I(GY)
CON1 IKJE

WhITE (Dhe0d) 29[,6GxX,6Y ) _
FORMAT(ZE FoT10,f 1.2, 0K 2R 124,179, Hir)
PsSI=PSI+1)P0]

CONTLINUL

PrAIP=PHIP+%0.

CONTTHUL:

TEMP=P SN

Pali=u.

**k PLOT FERD PATIERN *%%

I CINPF.EQ.¥) GO TO 82
NNF=TABSC(INPF)
LAB=¢
DO 76 MF=1,NNF
I[F (INPF.GT.@) PHIP=ANPE (MF)
IF C(INPFLT. ) PHIP=ANPE (1 )+ (MEF= 1) *ANPE(2)
PHIPF=PHIP
PSI=0.
Do T I=1,5I1
PSIF=ABY(PS])
IF (PSI.LT.¢.) PHIPF=PHIP-13¢,
CALL FEED(PSIF, PHIPF,PSA,PHCAM)
AGX=BARS (GF*CX)
AGY=BANS (GF*CY )
IF (AGX LTl .5=5) HXDB=~=1¢¢,
IF (AGYeLT ol i=5) GYDR==1(%",
IF (AGXCE ol oE=8) GXDB=201. #ALOGIOCAGX)
I1F (AGY.CE.).E<B) CYDB=2¢.*ALOGI{(AGY)
IF (KX.EQJ1) PLTF=CXDB
IF (KY.EOL1) PLTA=CYLR
PSI=PSI+1,
CONM1 INU
CONTILNL
LAbL=y,
IF (CONCTLLAD) JANDCLROTLCT)) GO TO 3600
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Power Radiated by feed (Section 1)

*kk FEGUENCY LCOP *ax

DO 270 I0=1,NFRO

WRITE(6,3M6¢)

FRITE (6,9Y0) FREQ(IQ)

FORMAT(2H *,Ti¢, 2FREQUENCY =/ ,F10.3,7 GHZ’2 ,T79,1Hx%)

WrITiz(0,2006)

RLAM=1 ,D=9%C/FREQCIN)

WRITE (6,97) RLAM

FORMAT (201 *, 110 ,2WAVELENGTH =7 ,F12.6,2 METRERSZ,T79, IH*, 7211 *,
2TI0, 7% THE rFCLLOWING DINENSION UNITS ARE IN WAVELENGTHS =7,
53179, tH*)

WRITI: (0,3600)

Ir (JIUT.LKF) GO TO 98

XOO(1)=Xx01/ZK1AM

X0O(2)=002/01LAN

X00(3)=X03/1tLA"

kit=k ANGZRILAN

[F (LRANG)Y KECT=CLEXP(=CJ*TPI*RR)/Ris

D=2.*A/LLAD

YC=YCU/ KL AN

F=FOCUS/ LA

LX=Z2XP2 /RLAN

RIML=S0KT(+/2.)

Ir (INEF) RINML=RIML/Z2.

[IF(DLELOIGO L0 104

Rim point calculation for circular
aperture (Section 2)
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/41
142
145

144
4%
140
147
144
144y
Ro3%)
™
e
™
4
hn
FLiYe)
™7
Fisl.!
0y
164
7ol
102
1605
Toa
1¢5
100

107
768
16y
114
T
112
175
116
1Y
7706
T
778
71
1846
181
762
1683
To4
8%
180
187
768
189

v WHITE(GE,SR2E)
WHITE (o, 10%)
105 FORMAT(21 *,T10, 2COORDINATES OF RIM POGINTS (MAVELENGTHS) 2, 17
Yy
2I1H*, /2H *, T20, 7KIM POINTZ ,9X 222 ,14X,2Y7? , T79,1H*)
HMAX=1d.
DO 1U8 NE=1,MRIM
DO 116 N=1,2
10 RIMINEGN)Y=HIPFSHE ) ZLAM
RHOSO=RIMINE (1) **24RIM(ITE, 2) **?2
IF (HHOSO,Gl RMAX) KMAX=RIIOSO
108 HWRITE (6,3108) NE,(RIMNE M) JH=1,2)
WRITE(o,30006)
CRIDX=GKX/RL M
GhIDY=GRY/RLAN
WHRITE (6,100) r,GRIDX,GiRIDY
10Y  FORMAT (2H *,T12,7FO0CAL DISTANCE =7,(%.2,T79,1H*,/2H *,T79,
21H*  /2H *,112,7GRIDX =2,F7.2,5X,7GRINDY =2, F7.2,T79,1H*,)
WRITE (6,3006)
ZOP=RMAXZ (4 .%F)
20=F~Z0P
RO=SOQORT(RMAX+Z0%*2)
XSl )=y.
XS(2)=1.
XS(3)=ZG
IF (LTEST) KKITE (6,11¢) ZOP,Z0,R0
1) FORMAT(2H D111, 41HZ0P= F 9.2 45X ¢ 3HZO0= 41'¢.2,5X,3HR0=,F9. 3, T7Y, IH
1))
REFDB=10 e *ALOG 1A (2 J*xTP I/ (e *F*PRAD) )
KEF=REFDE
I (LRANG) RElF=0.
WRITH(6,35406)
WRITE (0,111) REF
111 FORMAT (2K * T12,2REF =2,F1¢ .3, T7%, 1H*)
ARITE(O, - CH0)
PHSEA=CEXP(=CI*TP] *k0)
P31=AP31
P3F=AP3F
DP3=ADPL
IF (JNO1T.LNF.OK.ILKANG)Y GO TO 112
P3I=AP31*UNITO/RLANM
P3F=AP3F*!JNTITO/RLAM
DP3=ADPS*UNITO/RLAM
112 NT=(P3F=-P31)/DP3+1.1

C
C *x% ALL UMITS Aitl: IN WAVELENGTHS FROM HERE ON %%
C
I[F (LPL1) WRITE (2) LHNF,LRMIG,LAI,LGID
IF (LPLT) WRITE (2) P31,P3F,DP3, P2, PHIEF D GRIDXYC,hRPSIT
C
C *kkx SET UP PRINCIPAL GRID #x*
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!!:i::-,

196
191
1v2
V5
Tv4
199
190
1%
198

19y
131517,
8}
8wl
BYS
v 4
ovb
8Lo
867
Buo
ovY
81¢
SRR
ul2
513
ol4
131 )
olo
8l
&l
31y
826
82|l

ses
Bo4
Bob
) 8oo
861
oY ol 4]
86y
gy
871

o
CALL GRID(A.,1CO,I#0)
FJC==YUIN/GRDY+DEL
JCO=rJC+1
IF (FJC.LTe=1,) JCO=JCO-1
FId=YMAX/7CRDY+DEL
JMO=FJ+J CoO
I CLTEST) WRITE (6,113) 1CO,IM0,JCO,JEC
113 FORMAT(2H D,Tlﬂ,AHICO=.I3,5X.4VIMO=.13.T79,IHD./ZH N,T10 4HJ
Co=,
24134LXOBHIMO =,13,T79,1HT)
IC=1C0
Je=JCu
IMAX=IMC
FMAX=]H(+2
NMAX=JA(+2
MAXO=MAL X
IF (NMAX.GT.EAXO) MAXO=MAX
MNO=(MAXG+ 1) /2
AX=XMAX=-X{IN
BY=YMAX=YM]IY
IF (MAXO.LELIDEA)Y GO TO 116
HAX=MAXC
114 WRITE(6,3006)
WRITE (G, 1193 MAX
115 FORMAT(ZH E 117, 2MAX =2,13,T79,1HE)
WRITE(O,3000)
GO TO 272
Ilo  CONTINUE
IF (1TES T, ORJLDERUG) NTEST=1

kS
IF (LTEST.ORJDERUG) WRITE (6, 117)
117  FORMAT(2H T,114,2VESTING APERTURE FIELDS’,T79, 1HT)

Aperture field calculations (Section 3)

CALL GEOM(NRIM (RIMLRIM)
IF (MRIM .LE.MDRIM) GO TO 123
WRITE(6, 3000)
WRITE (6,122) MRIM

122  FORMAT(2H E, 110, MRIM =4 ,12,T79, IHE)
WRITE(6,2006)
GO 10 272

123  CONTINUE
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872
8IS
874

u1b
870
8
878
81Y
Bo bl
sy
882
882
8B4
1$1339)
8BEBO
837
868
u8Yy
LYk
vy i
8y 2
By s
8y 4
HByhH
8Y6
8Y 7
Byt
By Y
YU
v |
Y2

w44
Y
Yo
Yl
s
Yy
9]":
vil
vie
vl
Y14
vis
Yle
VAN]
vig
Yy
Yo
w2l

C

120

)

cCcoo

132

13

o

-
130
>

13y

I[r (C.NOTLLNF)JANDLOC(LRANG))Y WRITE (6,120) LR ‘
FORMAT (/2H *,T10,7%* CONSTANT RANGE  =7/,F19.2,7 %%/ 179, 1!*%

*kk P2 LOOP ak

NP2=IABS(IP2)

DO 270 kP=1,NP2

Ir (1P2.GT.0) P2=AP2 (MP)

IF (IP2.LT.0) P2=AP2(1)+ (MP=-1)*AP2(2)
WRITE(6,3006)

IF (LMNF) PHI=PHIE

It (.MOT.LNF) PHI=P2

WRITE (6,130) PEI

FORMAT(2H *,7T5,5HPHI =,F8.2,T79, IH*)

IF (PHI.GT.180.) PHI=PHI-36¢1,

IF (PHI.GT.180..0R.PHI.LT.=183.) WRITE (6,131)
FORMAT (2H E,T1¢,2%**ERKOR ¢ INVALID PHI FOR SUBROUTIME SBNY”
2,179,1HE)

1F (J,NO1.LNF) GO TO 137

P2=P2*UNITO/RLAM

WRITE (6,3006)

IF (LHANG) RKITE (6,135) p2

FORMAT (2H %,T1%,”NEAR FIELD WITH CONSTANT RANGE R =/,F1e.2,
2T19, LH*)

IF ( NOT.LKANG) WRITE (6,136) P2

FORMAT (2H *,T10,71IEAR FIELD OBSERVATION PLAMNE AT Z =/ ,F18.2,
2T79, 1H*)

WRITE(6,2006)

1F (LPLT) WRITE (2) P2

PHIR=PHKI/ZDPR

CUSP=COS (PHI )

IF (ALS(COSP).LT.1.D=5) COSP=u.

SINP=SIN(PRIK)

THI= 184,

H2= 184,

THEB=P1/2.

***x CALCULATE SHADOW BOUNDARIES #**x*

CALL SBDY(MRIM,X,XS,PHI,TH1,TH2,THEB)

WRITE (o0,138) TH1,TH2

FORMAT (2H F,T10,TH1 =4 ,F8.2,5X,2TH2 =/ ,FR.2,T79, IHF)
WRITE(G, 3666)

1F (LNF.AND. JLOT.LRANG) WHITE (64139)

FORMAT (2H W,T31 ,2EX2,27X, ?FY? 27X ,*E2*,//T7,3HRHD ,6X
243(5X, 3HVAG, 7X, 2HDB, 7X, SHPHASE))

TF (o NOTWLUF. Ok JLRANGIWRITE (6,1391)

13%1 FORMAT(2H W, T27,/PRINCIP AL, POL’,155,7CLOSS POL’,T79

24y 1HW,/2H W TTY,IHN /72 W, T6,5HTHETA, %X,
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v2oe2
Y23
Y24
Y2h
Y26
927
Y28
Y2y
Yol
Vil
wil
Yoo
Vo4
vih
ve:6
937
Y:b
Y3y
Y4
94 ]
v4.2
Y&
Y44
Yy4h
Y46
947
Y48

Y49
9HY
¥5
Y92
vho
¥H4
YLy

Yho

1ol
o2
1403
1Wo4
dobH
o6
1007

C

| 4y

144

A D
o

14y

173 DXL=(1=1C)*GRDX=XMIN

179

52(5X,3HNAG , TX 4 2HDR y 7X o SHPHASE) , 179, 1HR , /2H *,T79, I H*)
PPT=(PHI=-TAU)/DPR

SINPT=SIN(PPT)

COSPT=CLL(PPT)

1F (. NOT.LAIGO TO 18¢

IFr (LNF) GC 10 148

*%k SET UP HCTATED GRID Hax

PHIG=PH] 1
CALL GRID(PHIG,IC, IMAX)
Ir (IMAX.GF.2) GO TO 142 '
WEI1HCO, 3066)

WRItE (0, 1461)

FORMAT (2H E,T5,28H% FRROR & IMAX LESS THAN 3 *,T79,1HE)
AKTTE(6, 3600)

GO 10 3¢rwvy

IF (PCHG) 145,144,144

Je=1C0

JMAX=IMC

1CoP=JCC

GO TO 145

Je=JCo

JMAX=JNC

ICOP=ICC

IF (LTEST) WRITE (6,146) IC, IMAX,JC,JIMAX

FORMAT(2H D,T5,3HIC=,13,5X,5HI ¥AX=,12,T79, 1HD/24 D,T5,34JC=, ]

295Xy 6HIMAX =,13,,T79,1HD)

I (LNF<AND. (MP.GT,1)) GO TO 173
K=¢

L=p

MC=1C+I

MAX=TAAX+2

MIX=KHAX-1

Ir (MAX.GT.MDEA) GO TO 114

Y integration for far field (Section 4)

QXL=DXL/GRDX

DXR=XMAX=(IMAX-IC)*GhDX

QXKH=DXR/GKDX

IF (LTEST) WRITE (6,175) DXL ,DXR

FORMAT(2H Dy T5,5HDXL =,F6.2,5X,5HDXR =,F6,2,T79, IHD)
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Switching criterion (Section 5)

*xk P35 LOOP Axx

S=kR

Ir (.NOTLLKRE) GO 10 185
SINPE=STI(PHIE/ZDPR)
COSPE=CUS(PHILEZDPR)

IF C.NOTJLRANG) ZE=P2
IF (LHANCG) RE=P2

P3=pPsl

IF (L1EST)Y WRITE (0,186) THETAXGNAI
FORMATC2H Dy TH0, 2THETAX =2 F7.25X/NAT =2,15,T79, 1HD)

DO 250 =1 ,NAI
THER=P3/}iPR
IF (JHOT.LNF)Y GO TO 196

**%x NizAk FIELD COORDIMNATE COMVERSION *%*x

Ir (NOT.LRANG) GO TO 199
THE=P3/DPR

SINTE=SIN(THE)
COSTE=CUS(THE)
XN(1)=XCO( 1 )+RE*SINTE*COSPE
XN(2)=XCO(2)+REXSINTEXSI NPE
XN(3)=XCO(3)+kkEX*COSTE

IF (AHC1)eNEJeo ORLXN(2) JNEL.P.) GO TO

SINTE=SINTE+9. 001

GO 1O &8

LL=P2
XNCH)=XCOCT)+ZL*COSPE
XN(2)=XCO(2)+Z1.*SINPE
XH(3)=LE

IF (XNCD)oMES..CR.XN(2) NE QL) GO TO

LL=ZL+1. 001

GO TO 141

PHIR=HBTAN2 (XN(2) (XH(1))
SINP=GIN(PHIR)

COSP=CO¢ (PKHIR)

RE=SORTOXNCI)*XN () +XN(2) % XN (2 )+ XN(3)xXN(3))
IF C(LIEST)Y WRITTE (04 195%) XP'C1) GXN(2) NN (3)

FORMAT (12¢,6F12.5)
COST=XN(3)/hk
THER=AC(S(COST)
THETA=THER*DPR

GO To 2ev
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1138 16 THE1A=PC

115y THER=THETAZDPR

P1ey ¢

1141 200 SINT=SIN(THER)

1142 COST=COS(THER)

1143 EDX=(0.,0. )

1144 EDY=(1. ,¢.)

1144 EDZ=(0. )

1146 [F (LU LINE)Y GC 10 227

Aperture integration for near field
(Section 6)

13371 C

1338 C *xx SPILILOVER FIELDS FOR NEAR FIELD %%
133y C

134 X1=XN(1)-XS(1)

1341 X2=XN(2)=XS5(2)

1342 X3=XN(3)=XS(3)

1345 RHO=SORT (X 1% X] +X2%xX2)

1344 PHIPK=BTAN2( X2 ,X1)

) 345 PHIP=PHI PR*DPK

1346 PSI=BTAN2(RHO,~X3)*DPR

1347 RS=SQRT(RHO* RHO+ X3%X3)

1348 PHEI=CEXP(=CJ*TPI*RS)I*F/KS

134y CALL FEED(PSI,PliIP,PSA,PHGAM)

1359 CALL rPOL(EIX,EIY,EIZ,PSA, PHGAM)
1351 EIX=EI X*PHEI

1352 EIY=EIY*PHEI

1353 EI1Z=El1Z*PHE] :
1354 Ir (LOUT) WRITE (6,222) EIX,EIY,EI

135 222 FORMAT(2H O0,T15,5HEIX =,2E10.4,5X,5HEIY =,2E10.4,5X,5HE1Z =,
13%0 22E10.4,179,1H0)

I357 C

13b8 C ***OUTPUT RECTANGULAR COMPONENTS FOR CONSTANT Z MEAR FIELD ***
13%¢ C

1360 EDX=EDX+EI X

1301 ELDY=EDY+ETY

1302 EUZ=EDZ+ELZ

1365 224 Ir (LRANG) GO TO 225

1364 CALL DBPHS(AEDX,ENX,9.)

130% CALL DBPHS(AEDYEDY,0.)

1300 CALL DBPHS(AEDZ,EDZ,0.)

1367 IF(LWRITEIWKITE (6,226) P3,AEDX,EDX, AEDY ,EDY AEDZ,ENZ
1308 220 FORMAT(2H W,TH,F0.1,4X,,3(E11,3,2F10.2))

130Y PLT=AEDZ
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1310
L2
13792
1372

1435
1420
1457
1438
142y
) 44¢
1441
1442
14435
1 444
144
1446
1447
) 448
144 ¢
1450
1451
14%2
1455
1454
14%%5
1450
14%7%
1458
145y
140
1401
1462
1403
1404
1405
14¢0
1467
1463
l40Y
14710
1471

coo

coaa

22

242
243

245

248

249

GO T0 249 1

EDT=COSTI* (COSP*EDX+SINP*ENY)=SINT*EDZ
EDP==SINP*EDX+COSP*EDY

GO T0 242

X-integration for far field (Section 7)

*%x% SPILLOVER FIELDPS FOR FAR FIELD %%

PHIP=PHI

PSI=183.-THETA

PSIR=PSI/UPR

SINS=SIN(PSIR)

COSS=COL(PSIN)

CALL FEED(PSI,PHIP,PSA,PHGANM)
CALL FPCL(EIX,EIY,EIZ,PSA, PHGAN)
EIT==COSS*COSP*E] X—=COSS*SINP*EY-SINSxEIZ
EIP==SIKP*El X+COSP*EIY
PHEI=CEXP(CJ*TPI *ZO*COST)*xF*RFCT
EIT=EIT*PHLI

EIP=EIP*PHEI

EDT=EDT+EIT

EDP=EDP+EIP

*%% PRINCIPAL AND CROSS POLARIZED COMPONENTS FOr FAR FIELD ##=
AND CONSTANT RANGE NEAR FIELD

IF (LTEST) WRITE (6,243) ACOSP,COSP,SIMNP,ENT,EDNP
FORMAT (1163,3F12.4,/TIA,7EDT =7,2F12.5,5X,7EDP =/,2F12.5,/)
TMT=EDT

EDT=COSPT*EDT-SINPT*EDP

EDP=SINFT*TkT+COSPT*EDP

IF (.NOT.LCP) GO TQ 245

TMT=EDT

EDT=TEM2* (EDT=CJI*EDP)

EDP=TEM2* (IMT+CJI*EDP)

CALL DBPHS (ALDT, EDT 4 REF)

CALL DBPHSC(AEDP, EDP4REF)

IF (LTEST) WRITE (6,195) PHI,TAU,COSPT,SINPT
IF(LWRITE)NRITE (6,248) P3,AEDT,EDT, ALNDP,EDP
FORMAT(2H W, TH,F6.1,4X,,2(E1A,5,2F10.2) ,T79, 1HW)
PLT=REAL(EDT)

CONTINUE
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1472
1473
1474
1475
1476
14757
1478
141y
148¢
1481
1482
1485
1484
148%
1486
1487

1468
1489
1490
1491
1442
1493

IF (LPLT) WRITE (2) PLT

P3=p3+DP3
25¢ CONTINUE
NGTD=NT-NAl

IF (NGTD.LE.€) GO TO 270

THI2=NAI*DP3+P3I
25 CON1INUE

IF (LTEST) WRITE (6,260) NT,NAI ,NGTD,THIZ2
200 FORMAT(2H D,T19,3110,3F10.3,T79, IHD)
IF(.NOT.LGID)GO TO 270

IF(LTEST.OR.LDEBUG)INTEST=2
C CALL GTD(THI2,NGTD,NAI,DP3)

21 CONTINUE
GO TO 3w
212 WRITE (6,275)

275 FORMAT(2H E,T8,7%*x ERROR ¢ DECLARED DIMENSION EXCEEDED’,T79,

1HE)
GO TO 3uwo
285 WMRITE (6,299)

290 FORMAT(2H E,TIQ, ***ERROR t
27 INCORRECT %%~ T79, IHE)

GO TO 3¢
END

40

INPUT PHIN(1) OR PHIN(NPHI) /




SECTION 1. RELATIVE POWER RADIATED BY FEED
PURPGSE

To calculate the relative power radiated by feed using the i
feed pattern data Yy using the input

METHOD

The relative radiated power from the feed is given by

21 o1
Prad = JO JO g2(v,¢)sinydwde

where
¢4 ép~ ‘
9(v.4) = —2L go(y) + gq(v) |
¢p-¢q P 4p-9q ¢ |
is obtained by linearly interpolating the input feed pattern gp and 9 (

in the two planes ¢p and ¢y adjacent to ¢.

Since the feed pattern g(y,¢) is piecewise linear between two
4 input PHI planes, the integration over ¢ reduces to a sum of integrals
as

NM  gp (n
SPHI = § I P I a2(v,9)sinydydg
9q ‘0

where

NPHI if IB=0 (no symmetry)

NPHI - 1 if IB#0 (with symmetry)

and ¢, and ¢, represent the upper and lower bound for each subregion.
NPHI §s the fumber of input feed cuts and IB is the absolute value of
the symmetry index.

The integration over ¢ can be carried out analytically which gives




r— Y

NM ¢,-¢
) -f%rll spSI
1

SPHI

where

n .
2.2 .
SPSI Jo (gp+90+gpgq)s1nwdw

which is carried out numerically by using the trapezoidal rule.

Then the relative radiated power is given by

SPHI IB=0
b = 2SPHI IB=2 or 3
rad = aspHI IB=1

The relative power radiated is used for the purpose of calculating the
far field results in antenna gain when the range factor e-JKR/R is sup-
pressed. This is done through the variable REFDB as given by

2
REFDB = 10 log -gﬂé--
F*Prad

which is calculated later in the main program and used as input to the
subroutine DBPHS.




KEY VARIABLES

DELI

GFP
GFQ
I8

NM

NPHI
PHIP
PHIQ

PRAD
PSI

SPHI
SPSI

(gp(v))
(9q(¥))

(¢p)
(o)
(Prad)
(v)

Angular increments for numerical integration
over y

Calculated feed value in the plane ¢p at angle y
Calculated feed value in the plane %Q at angle y

Absolute value of the symmetry index (see User's
Manual)

Number of integration regions over ¢
Number of input feed cuts

Upper input PHI cut adjacent to ¢
Lower input PHI cut adjacent to ¢

Power radiated from feed

Theta coordinate angle of the observation direction

referred to the feed axis
Sum of numerical integration over ¢

Sum of numerical integration over y




CODE LISTING

648 C
04y C

obe
651
ob2
ob3
654
oth
obo
0b7
698
oLy
00
661
662
665
004
665
0060
007
008
66Y
61V
o7l
o072
073
6714
o7b
o070
6711
078
619
681
681
082
685
o84
685
080
087
088

C
80

14
92

94

vb

*%* CALCULATE POWER RADIATED BY FEED %%

IN=181

DELI=PI/(IN=1)

SPHI=0.

IF (IB.EQ.0) NM=NPHI

IF (IB.NE.©¥) NM=NPHI-I
IF(LTES1.0R.LDEBUG)NTEST=1

DO 94 NGC=1,NM

NP=NQ+1

IF (NP.CT.NPHI) NP=I
PHIQ=PHIN(NQ)+@.041
PHIP=PHIN(NP)=0. %1

PSIk=0.

SPSI=u.

DO 92 I=1,IN

IF(I1.EQ.4)NTEST=0

PSI=PSIR*DPR

CALL. FEED(PSI,PHIQ,PSA,PHGAM)
GFQ=GF

CALL rEED(PSI,PHIP,PSA,PHGAM)
GFP=GF

FI=GFQ*GFQ+GFP*CFP+GFQ*GFP

IF (I.EQ.1.0R.I.EQ.IN) FI=FI/2.
SPSI=SPSI+FI*DELI*SIN(PSIR)
PSIR=PSIR+DELI

IF(NTEST.EQ. 1)WRITE(6,99)PSIR,SPSI
FORMAT(2H *,7112,7PSIR=*,F7.2,5X,*SPSI=*,F17.3,T79, 1H*)
CONTINUE

NTEST=0

DPHI=(PHIP-PHIQ)/DPR

Ir (DPHI.LT.@.) DPHI=DPHI+TPI
SPHI=SPHI+SPSI*DPHI/ 3.

CONTINUE

PRAD=SPHI

IF (IB.EN.2.0R.IB.EQ.3) PRAD=2 .%*PRAD
If (IB.EO. 1) PRAD=4,%*PRAD

WRITE (0,9%) PRAD

FORMAT(2H *,T10, 6HPRAD =,LE10.3,,T79, 1}i*)
PSIT=TEMP
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SECTION 2. RIM POINT CALCULATION FOR CIRCULAR APERTURE
PURPOSE

To calculate the rim point coordinates of a circular aperture.
METHOD

For circular reflectors, the rim points are not input as they are
for noncircular rim shapes. Instead, the diameter of the aperture (D)
and the y-coordinate of aperture center (Yc) are input.

The coordinates of the rim points of a circular aperture are then
calculated as follows:

First an approximate value of the number of rim points is
estimated by

NRIM(app) = Int(xD/RIM.)
where

Int(X) means the integer value of X,

D is the diameter of the aperture, and

RIML is the reference length of each rim segment.

Then the actual value of NRIM is obtained by adjusting the estimated
value such that NRIM is a multiple of 4 and is given by

NRIM app1*2
NRiM = 4(1nt(——§5-"ﬂ—— ))

This adjustment is done for the purpose of having symmetrical rim
segments.

To maintain approximately the same aperture area as the original aper-
ture, the polar distance of each rim point is determined by taking the
average polar distance to the corners of an inscribed regular polygon
and a circumscribed regular polygon to the original circle, thus the
polar distance

= 4 1+ 1
cos(3t) /

where a is the radius of the circular aperture and
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2n

8¢ = NRIM

The rim points are then calculated by
Xarm = AA coségn
YRiM = AA singg, + Y¢

where
ben ~ (" - %‘)M n=1,2,3,** +,NRIM

and Yc is the y-coordinate of the aperture center.
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pou  pumy  Oumy

KEY VARIABLES

A (a) Radius of the circular aperture

AA Polar distance of each rim point

D (D) Diameter of the circular aperture

DELP  (a¢) Sector angle associated with each rim segment
NRIM Number of rim segments

PHE (den) Polar angle of a rim point

RIML ' Reference rim segment length

RIMS X and Y coordinates of rim point ME

YCM (Ye) Y-coordinate of the center of aperture




16
vy
118
1y
120
72
122
125
124
125
126
1271
126
129

120
15
132
125
154
155
156
1S
158

159

/141

CODE

C
¢
¢

[§]"]

el

L.

w2

193  FORMAT(2H *,TI, APERTURE TIAMETER =/,FY.2,7 WAVELENGIHSZ,Ti¢

)" [

LISTING

k%% CIRCULAR WIM SECTION #k*

NRIM=PI*xD/RIML

NRIM=4% ((NRIM+2)/4)

IF(NRIM.LT.16)MNRIR=1€

IF (NRIMJGT.MORIMY MRIM=MDRIN

WRITE (£,100) NRIM

FORMAT(2H *,7110, 2NIMRER OF RIM SEGMENTS=4,13,T79,1H*)
WRITE(G, 3080)

DELP=2 .*xPI/NRIM

PHE=U, 5*DELP

USE THE AVERAGE RADIUS TO COMPUTE RIN POIMTS FOiR CIRCULAR REF

AA=0 .5%A%( 1, +1,/COS(PHE))

DO 12 NE=1,NRIM
RIMS(NiZ, 1) =AA*COS(PHE)

RIMS (NE,2)=AA*SIN(PHE) +YCH
PHE=PHE+DELP

CONTINUE

WRITE(6, 3006)

IF (.GT.0.) WRITE (6,103) D,YC

21H*/2H *,T79, IH*x, /21 *,T1@, 7APERTURE CENTER AT (0.,7,F7.2,”

ST 194 1H*)
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SECTION 3. APERTURE FIELDS
PURPOSE

To calculate and store the aperture fields on the principal
rectangular grid.

<—— 2! >
= APERTURE
PLANE
V4 _
REFLECTION }
POINT
- 2

;
;
]
Fo
le—2z,—> ‘
Figure 1. Coordinate system for the aperture field. "

-
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METHOD

The coordinate information for the aperture field is defined by
the point of reflection on the reflector surface with coordinates X,Y
as shown in Fig. 1. Thus

' = -] Y_
¢ tan X
2
' = I
Vi F aF
Rl - Jpz + Zl2
and
v = tan”! &
Zl

Let the vector incident feed pattern in the direction (y,¢) be of the
form as

?.i=éfe+$'f¢

where f, and f¢ are the feed pattern values calculated in subroutines
FEED and FPOL. The reflected field pattern from the parabolic surface
is given by

?‘=Bfe';lf¢ -

1 Its corresponding rectangular components can be expressed as

r - ' N
fx cos¢ fe + sing f¢
r = eina! - '
fy sing fe cos¢ f¢

The aperture plane is defined as the plane perpendicular to the Z-axis
and passing through the rim point PO(XO,YO,O) with the greatest distance




I' o.. from the Z-axis. The aperture field at the point P(X,Y,0) on the
aBerture plane is given by

-JkR,

r €
F oS

"

a
EX

and

if

where F is the focal distance.

For any grid point (Xy,Yy), the X and Y components, E$ and E2 of
the aperture field are calculated by the above two equations. By joop-
ing through all the horizontal and vertical grid lines, a two dimen-
sional array of the aperture fields is set and stored.

B haatunadl 2

L
]
] Brn T
l
!




FLOW DIAGRAM

Aperture field calculations

Loop through all vertical grids
M=1, MAXO

Loop through all horizontal grids
N=1, MAXO

Calculate the coordinate parameters
PHIP, RHO, ZP, RP and PSI for the
grid point (XM,YN)

Calculate incident field by calling
subroutines FEED and FPOL

Calculate and store aperture
field components EA(1,M,N)
and EA(2,M,N)

J

Continue




i
v

KEY VARIABLES

EA(1,M,N)

EA(2,M,N)

EIP
EIT
EIX
EIY
Elz
ERX
ERY

MAXO

PHSEA
PHIP
PSI

RP

XX
Yy
P

(€2)
(£3)
()
(fo)

(1)
(1)

-jkR
(e

(')
(v)

(R*)

(x)
(¥)
(z')

X component of the'aperture field at grid point
(XM, YN)

Y component of the aperture field at grid point
(XM, YN)

PHI component of feed pattern

THETA component of feed pattern

X component of feed pattem

Y component of feed pattern

Z component of feed pattern

X component of the reflected field pattern
Y component of the reflected field pattern
Index of vertical grid line

Inde* of horizontal grid line

Maximum number of horizontal and Vertical grid
Tine

Phase factor of the aperture field
PHI coordinate of grid point (XM,YN)

THETA coordinate of grid point (XM,YN) measured
from the negative Z-axis

The distance from the focal point to the
reflection point

X-coordinate of the reflection point
Y-coordinate of the reflection point

The projected distance of RP on the Z-axis
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CODE LISTING

822 C

82s C %%k CAL.CULATE APERTURE FIELDS ***
824 C

B25H DO 128 M=1 MAXO

B20 I=M-1

827 XX=(I=1CO) *GkNX

628 [+ (LNF.AND. (M EQ, 1)) XX=XMIN

82¢ IF (LNF.AND. (M.EQ, (MAX+1))) XX=XMAX
836 DO 120 K=1 MAXO

831 J=N-1

852 YY=(J=JCO) *GKDY

B:S PHIPH=BTAN2(YY,xX)

834 PHIP=PHI PR*DPH

855 RHO=SQRT (X X* XX+YY*YY)

B36 ROSO=xHC*RHO

837 ZP=F-ROLQ/ (4 .%F)

By HP=SORT (ROSN+ZP**2 )

HoY PSIR=BTAN2 (RFO,ZP)

84© PSI=PSIk*HPR

gal CALL rEED(PSI,PHIP,PSA,PHGAM)

842 CALL FPCLCEIX,EIY,EIZ,PSA,PHGAM)
843 SINPP=SIN(PHIPR)

844 COSPP=COS(PHIPR)

845 SINS=SIN(PSIK)

846 COSS=COLS(PSIK)

847 EIT==COES*COSPP*E] X-COSS*SIPP*EIY=SII'S*EIZ
848 EIP==SINPP*EIX+COSPP*EIY

b4y NTEST=0

850 ERX=COSPPX*EIT+SINPP*L]IP

851 ERY=SINPP*E]l1-COSPP*EI P

852 EACIH, M N)=F*ERX/RP*PHSEA

gbz EAT=EACT M 1)

854 CALL DBPHS(AEI ,EAl ,0.)

8bb EA(2,M,N)=F*ERY/RP*PHSEA

850 EA2=EA(2,M,N)

857 CALL DBPHS(AE2 ,EA2,8.)

8b8 IF (.NOT.LLNDEBUG) GO TO 124

8by IF (MJLEMNOGAND N.LE.MNO) WRITE (6, 118) M H,EAI,TA2

860 118 FORMAT(2H D, T15,215,4F111.2,T79, 11D)
861 120 CONTINUE
8o2 121 CONTINUE




SECTION 4.  Y-INTEGRATION FOR FAR FIELD
PURPOSE

To numerically integrate the aperture fields along the
rotated ¢-grid lines.

UPPER RIM

YLR M
LOWER RIM

Figure 1. Geometry of y-integration for
far field.
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METHOD

The y-integration along the rotated grid line (M) as shown in
Fig. 1 is represented by

YUR
Yom(M) = E2 dy
SUM LLR )

where YIR and y,o correspond to the intersections of the grid line (M;
with thé lower yﬁd upper rims, respectively, as shown in Fig. 1 and E
is the aperture field distribution along the grid line.

Tn determine these intersection points, the x-coordinate of the
} grid line (M) is compared with those of the rim points until a rim
a segment is found such that the x-coordinate of the grid line (M) is in
: between those of the two rim points of that segment. Then y g or yyp
is obtained by solving for the intersection point of the rim segmen
and the grid line (M).

A e .N)
E(J)

4 Ax
A — /
N
¢ o | \ !

1 Y

o—dy—>
My Mg"" M=I+|

E% (M +1,N)

N=J+l

- X

Figure 2. Geometry for interpolation of aperture field.
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In order to carry out the y-integration in Equation (1) the aperture
field E2 is calculated by interpolation from its stored values corre-
sponding to points on the principal rectangular grid. The geometry for
interpolation is shown in Fig. 2 where the rotated grid line I=M-1 inter-
sects the horizontal grid line N=J+1 at the point with principal grid
coordinates (xo,v ). The principal grid coordinates are related to the
rotated grid coorginates by

-
]

= (9-Jc)dy cos¢ (2)

and

D€
n

x - Y, tang : (3)
where
X = (I-Ic)dx .

The principal grid coordinates are then used to determine the
integer value My for the nearest principal vertical grid line to the
left of the point (X,,Yy) with aperture field E(J) as shown in Fig. 2.
Thus, interpolation yie?ds the aperture field at the point on the rotated
grid as

= A AX ra
E(J) = (1 - ai- E3(M, ,N) + q, E4(M,+1,N) (4)
where Ax is the displacement of the aperture field point from the
vertical grid line (M,).
Let J and JH represents the indices of the lower and upper grid
e

lines closest to the intersection y p and yygp inside the aperture
respectively. If Jy-J <1, Equation ?l) is approximated by

Ysum(M) = (yup-y RIE(y) - (5)

If Jy=J>1, the y-integration is divided into three parts as shown in
Fig. 3.  Using the subaperture method, the middle part Ygq is given by

Iy
You = E 6
SM JEH (9) (6)
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fEL / \ / \

"lAYL -‘-d, - "'dy','"lAYu t"'
b+ N B

YR JL JLst Jy-i Ju VYur
L—‘st.—"* Ysu o Ysu—""

Figure 3. The y-integration parts for far field.
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The lower part of the y-integration consists of the contribution YsL
from y, , to the (J;+1) grid line and the upper part consists of the
contriblition Ygy fFom the (Jy-1) grid Tine to yyo

The contributions Yg, from the upper part is given in terms of
the aperture field values ¥ = E(JU) and fgy = E(y=yyr) as shown in

Fig. 3. The edge value fg=ff, is calculated by linear extrapolation
from

fe=fi + (f-f) & ' (7)

The contribution Y L from the lower part is obtained in a similar way.
Thus both contribu§1ons can be represented by

1
sty=]2.dy f]+]§Ay f]'l'{Ay fE . (8)

Substituting Equation (7) into Equation (8) and simplifying terms yields

Ay \2 ay\ 2
Yo, =]§ K + 33/'|=) E(9) -(@y% E(y + )] (9)
2 2
Ay
Yoy = 3 K +dy_l> E(%) (:—;{!) E“U'”} (10)

Thus the y-integration of Equation (1) can be calculated from

{ and

Ysum(M) = (Y5 +Ygyt¥sy)d, ()

In general, the aprture field can be decomposed into x and y components.

Thus two y-integration sums Ygym(1,M) and Ygym(2,M) are obtained by
carrying the y-integration for each componeng respectively, i.e.,
YUR
Ysum(1.M) = [ E2 dy (12)
YLR
and
! YUR
i Ysuw(2M) = [ % €2 oy (13)
i YLR

i'
|




FLOW DIAGRAM

y-integration for far field

e

Loop through all rotated grid lines
M=1, MAX

@
®

rmine and store

the y cnordinate of the intersection of the
lower (YLR) and upper (YUR) rims and

the grid line M.

the indices JL and JU for the horizontal
grid lines inside the projected aperture
closest to YLR and YUR, respectively.

the distance DYL(DYU) from the grid

JL(JU) to the rim YLR(YUR) along the

grid line M

e VES

Calculate aperture fields along the
rotated grid line M by interpolating
the adjacent principal grid aperture
field values

@ NO ————

Calculate YSUM

YES

'




!

Calculate middle sum YSM

Calculate lower sum YSL
and upper sum YSU

Calculate and store YSUM

Continue
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KEY VARIABLES

DYL (8Y,)
DYU (aYy)
E(1,9)
E(2,9)

EA(T,M,N) (E3)

EA(2,M,N) (E3)

GRDX (d, )
GRDY (dy)
GRIDY (Dy)
IC

Jc

JLo (9)
Juo (9y)
MAX

MX

QDX

QVL

)

r——. >

The distance from the horizontal grid line JL
to the lower rim along the rotated grid line M

The distance from the horizontal grid line JU l
to the upper rim along the rotated grid line M l

X component of the interpolated aperture field
on the rotated grid

Y component of the interpolated aperture field i
on the rotated grid

X component of the aperture field at grid point
( XM, YN)

Y component of thé aperture field at grid point
(XM, YN)

Grid size along the X-axis
Grid size along the rotated Y-axis
Grid size along the principal Y-axis

Vertical grid line index of the origin of the
reflector coordinate system

Horizontal grid 1ine index of the origin of the
reflector coordinate system

Index for the horizontal grid line inside the
projected aperture closest to the lowe: inter-
section point on the grid line M

Index for the horizontal grid line inside the
projected aperture closest to the upper inter-
section point on the grid line M

Maximum number of rotated grid lines

Index of vertical principal grid line

Normalized distance from the integration point
to the vertical grid line M

Normalized distance from the lower rim to the
grid line JL
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QYU
X0 (%)
XX (x)
YLR {(yLr)
‘ YO (Y,)
; YSLX
.
f YSLY
: YSMX
» YSMY
YSUX
YSuy
YSUM(1,M)
| YSUM(2,M)
| YUR  (yyr)

Normalized distance from the upper rim to the
grid line JU

X-coordinate of the integration point in the
principal grid system

X-coordinate of the integration point in the
rotated gird system

Y-coordinate of the intersection of the grid
line M and the Tower rim

Y-coordinate of the integration point in the
principal grid system

X-component of the lower sum of the Y-inte-
gration

Y-component of the lower sum of the Y-inte-
gration

X-component of the middle sum of the Y-inte-
gration

Y-component of the middle sum of the Y-inte-
gration

X-component of the upper sum of the Y-inte-
gration

Y-component of the upper sum of the Y-inte-
gration

X-component of the total sum of the Y-inte-
gration for grid line M

Y-component of the total sum of the Y-inte-
gration for grid line M

Y-coordinate of the intersection of the grid
line M and the upper rim
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CODE LISTING
vH7 C
yhy *%k%k Y INIEGHATION FOR FAR FIELD %%x
vhy
Yo DO 172 M=1,MAX
90' =M-|
Yol XX=(1-1C)I*GRDX
YO Ir (MJEQ.1) XX=XMIN t
Y64 IF (MJEG.MAR) XX=XMAX
Yobh [F (M EGCLT) GO TO 150
Y6O IF (XXJLECXLKP)Y GO TO 157
YO 1Hu K=nx+1
YO8 IF (K.GL.NLRI®) GO TO 152
YOy XLK=CLRIM(K, 1)
Y1 XLKP=CLRIM(K+1,1)
vl IF (XX.CTXLKP) GO TG 159
Y2 YLK=CLKRIM(K,2)
Y715 YLKP=CLEIM(K+1,2)
914 I+ (LDEBUG) ¥RITE (6,1%2) K, XLK,XLKP,YLK,YLKP
Y1h  1bhe FORMAT(Z2H D, TH,3HK =,12,5X,9HXIK =,F6.2,5X,6H{LKP =,F6.2,
Y16 2HXGBHYLR = F 625X ,6HYLXP =,F6.2,T79,1HD)
Y TEMP=(YLKP-YLK)/ ( XLKP-XLK)
YI8 iH3 YLRCH) =YK+ TEMP*, ( XX=XLK)
Y1y JLOVY=(YLR(M)/ZGRDY Y+ JC+2, )0
B, Ir (MJEQLT) GO TO 154
Y Ir (XX .LE.XUKP) GO TO 158
Vel 1v4 L=L+1
Yoo It (L GEJNURIM)Y GO TO 158
Y& 4 XUK=CUKIM(L, 1)
Yob AUKP=CUKIM(L+1,1)
Yo Ir (XA.GT.XUKP) GO TO 154
vB7 YUK=CURINM(L,2)
vEy YUKP=CUKINM(I.4+1,2)
Y8y IF (LDEBEUG) KKRITE (€ "7 L XUKXUKP,YUK,YUKP
w9y 156 FORMAT(2H D,1%,3HL WOHXMK =,F6.2,5X,0HAUKP =,F6.2,
9y | 25X HHYUK =,F 0.2, 5X,0.. FO .2, TT79,1HD)
Yy2 TENP=(YUKP=-YU )/ (AUKP-XU..
Y95 158  YUK(M)=YUK+TENDP* ( XX=XUK)
vy 4 JUM)I=(YUR (M) /GRBY )Y +JC+¢ .0 1
yyy IF CJUCRIJLTLJLOYM)) JUCH)=JL )
Yyo IF (LDELUG) FRITE (6,166) JL(M) ¢JUM), YLR(YM) JYUR (M)
vor 16 FORMAT(2H D,T12,7JL=7,12,7 JU=,12,7 YIR=’,FR,2,7 YUR=’,r8.2,
vy 1179, 1HD)
Yyy LYL=(JL(M)=JC)*GRNDY=-YLK ()
1 X712 QYL{M)=DYL/GRDY
%] DYU=YUR(M)=(JUM)=JC)I*GIRNY
w2 QYU (i) =DYU/ZGRDY
1w s Ir (LDEFUG) WHITE (6,94%) JLOM) ,JUH) (DY, DYU, YLRCY)
1064 2YYURUIA) JOYL(M) JOYU (M)

1ob YUy FORKAT (215,8F 1. 4)
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e
7 [
lovs
1y
laly
73R
lwl2
vl
1314
lviy
Tolo
1wl 7
Inle
101y
1020
1021
w22
1023
1024
1e)2H
In2o
Vw27
126
102y
1050
131
1922
lwos
154
fvizh
IVJ;)(:
lvs
W38
1oy
lwdv
164 }
a2
Jva s
1944
194%
16406
1147
1048 C
gy C
1w C
171X

fen2

53

1v)1b4

1 obh

1990

157

1458

by

o ¢

cC o

162

oo
(L -N

160

lor

17¢

172

*"'!-!!!!!l.llllllIllll!!!!lIIlIIlIllllllllllllllllllll'l‘

IF ((M.EQ. 1. CH M EQUMAX) JORJLHF) 50 TG 172
G Y=GKDY*ACOSP

JLO=JL(})

JUO=JU (M)

DO 10Y J=JLGJUO

IF (NCK.N:.1) GO TO 162

E(1,J)=(¢. ,0.)

E(2,J)=(1.,0.)

GO 10 105

YO=(J=-JC)*GDY

XX=(1=1C)*GRDX

XO=XxX=YCOXTAMP

F1X=XO0/GRD X+ [COP

IX=FIX

UX=1X+1

QLX=rFIX~I1X

N=J+

ECH, J)=EACT  MX % (1 o=0DX)+EAC T MX+1 M) *0DX
E(2,J)=EAC2, MX NI* (1 o=0DX)+EA(2 JMX+1 1) *0DX
IF (IDEBUG) KRITE (6,164) J E(1,J),E(2,J),0DX
FORMAT(2H D 118,5F12.4,T79, 11D)

CONTINUE

IF (JUO=JLO.GT.1) GO TO 168

YSUMC1, M)=(YUR(M)=YLR(M))*E(1,JU0)

YSUM(2 k)= (YUR(M)=YLR(M) )I*E(2,JUC)

IF (LWYSUM) WRITE (6,166) M,YSUKCI M), YSUH(2,¥)
FORMAT (2H D,15,8E18.3)

GO TO 172

CONT (RUE

*%k CALCULATE YSM %#%

JF=JUO-1
JI=JLO+]
KM=JF=J1+]
YSMX=(0.,0.)
YSHY=(¥, .61, )

DO 17¢ KJ=1,KM
J=KJ+JI-1
YSMX=YSEX+E(1,J)
YSMY=YSMY+[E(2,J)
CONTINUE

**%x CALCULATE YSI. AND YSU #*%

YSLX=(ECT, JLO) *CQYL(M)+1 ) **x2=E( 1, JLO+ 1 ) *OYL(M)*%x2)/2.
YSLY=(E(2,JL.OI*(QYL(M)+1.)**2=E(2, JLO+ 1) *NYL(M)**x2)/2,
YSUX=(EC1,JUOY*(QYUNM) +1 ) **2=1:( 1, JUO-1)*OYU(M)*%2)/2,
YSUY=(E2,,JUM > (QYU (M) +] ) **2=E(2,JUO=1)*%QYU( M) **x2) /2,
YSUM 1 M)=(YSLLX+YSMX+YSUX) *GRDY
YSUM(2 4M)=(YSLY+YSMY+YSUY) *GRDY
IF (LWYSUM) WRITE (6,160) M, YSLX,YSMX, YSUX,YSUMCT 1)
IF (LWYSUM) WRITE (6,166) M,YSLY,YSMY, YSUY,YSUM(2,4)
CONTINUE
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SECTION 5. SWITCHING CRITERION FOR AI AND GTD
PURPOSE

_ To calculate the switching criterion between Al and GTD in the
k near field or far field computation.

e
| T / l\ \ APERTURE

/ |0 \ OF REFLECTOR
X
/1N

Zy

\
| \

” GTD i 74
Ny

Figure 1. Geometry for switching criterion
between AI and GID.

TD

METHOD

The angle criterion which is used for the near field as well as
the far field, is defined as

= cin-l 1)
Oy = S1N —_
X Aw

where Aw is the aperture width in the specific pattern cut. Thus Al is i
used when 0<6<6, and GID is used when ¢>6y. -

The range criterion is used solely for the near field and is
defined by




7, = W
X Etaﬂex

as shown in Fig. 1.

The usage of the above criteria for near field computation is
summarized in the flow diagram as shown below.

NEAR FIELD

(GTD ONLY)

GTD Al

. 67




KEY VARIABLES
AN (A)
P3X

THETAX  (e,)
THEX (6y)
X (Z,)

Aperture width in the specific pattern cut
Variable representing the switching criterion
Angle criterion in degrees

Angle criterion in radians

Range criterion




CODE LISTING
1vo8 C
106y C #kk SET UP SWITCHING CRITERION ww#
1016 C
1071 P3X=P3F
1072 IF (.NOT.LGID) GO TO 17y
1973 THEX=THETAX/DPR
1074 TANX=TAN(THEX)

L 1075 IF (ZXeGle®¥..AND.THETAX.GT.00,) GO TO 177

; 1076 AN=RHOS( 1) =RHOS(2)

s 1977 THEX=ASIN(1./SORT(AN))

S 1078 TANX=TAN (THEX)

. 1080 THET AX=THEX*DPR

! 1¥81 177 P3X=THETAX
‘- 1082 IF (.NOT.LNF) GO TO 179

1965 IF (P2.LT.ZX) GO TO 189
| 84 IF (LRANG) GO TO 179y
1985 P3X=P2%T ANX
1086 17y  NAI=(P3X=P3I1)/NP3+}.1
1687 IF (NT<LT<NAI) MAI=NT
| OE8 IF (NAI.GT.¢) GO TO 182
lvsy 180 NAI=0Q
1 oy NGTD=NT
19y | THI2=P3]

. 1092 GO TG 2%5




SECTION 6. APERTURE INTEGRATION FOR NEAR FIELD

PURPOSE

To numerically integrate the aperture fields for near field cal-
culations and express the field in rectangular components.

UPPER RIM

o~ %

/
— Avy —,
I
«—>
Oy
\%4&%
/73
YW@ M
LOWER RIM

Figure 1. Geometry of y-integration for near field.
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METHOD

For aperture fields with arbitrary polarization having both x and
y components, the near field can be expressed as

-Jjk
VAR

where F and F, are the vector element patterns for the respective x
and y componen*s (E ,E ) of the aperture field.

By 1ntegrating numerically Equation (1) can be expressed in a sum of
series form as

-jks

E-4 '2‘ ) [xnn‘xm + FYMNEYMN] Frs S5— (2)

where Fyyy and Fyyy are the vector element patterns of the equivalent
aperture currents. These are assumed to radiate the same polarization
as a Huygen's source and thus the vector element patterns are expressed
in rectangular coordinates as

EXMN {§[1+(coseMN -l)cosz¢MN]

+

}(coseMN-l)sin¢MNc°s¢MN

- )
z sineMNcos¢MN} cos(?gﬁ)

{X Cyy + ¥ Cyy - Z sinByycossyyIELPAT (3)

?}MN =~{}(coseMN-l)sinonucos¢MN
+ }[l+(coseMN-l)sin2¢MN]
-z sinemsinom} COS( MN
= {X Cyy + ¥ Cyy = Z SingysingyyIELPAT . (4)

The fields E3y=E3(1,M,N) and E3,n=E?(2,M,N) are the X and Y components
of the apertaug field sampled a!"!he points (Xy,Yy) on the principal
grid. The basic pattern FRS of each rectangular subaperture is given by

A




Frs = OxDyFxnFyn (5)

where Fyy and Fyy are the horizontal and vertical element patterns of
each rectangular subaperture. The typical element patterns for a
basic subaperture with full triangular distribution are given by

ox 2
sin 7
2
o 2
sin 71
X
2
where
¢y = k Dx sineyycoséuy (8)
and
¢y =k DY sineMNsinq»MN (9)

The angles 6y, and ¢yy are the polar coordinate angles to the near
field point ?“,Y,Z) as referred to the aperture point (xM’YN)' The
distance S in Equation (2) is given by

s =‘/(x-x,‘,)zaf(\r-vn)za,z2 : (10)

The summations over N in Equation (2) are performed over the
vertical grid 1ines; a typical vertical grid 1ine is shown in Fig. 1.
The y-integrations given by Y u(M) are calculated in a similar way
as that for the far field (see gection 4) as expressed by

Ysum(M) = (¥5) *ysutysy)ly (1)
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for each rectangular component of the near field. However, the vector
element patterns in Equations (3) and (4) for the equivalent aperture
currents and the element pattern functions Fpg in Equation (5) for the
rectangular subaperture must be included for the near field. For sub-
apertures near the rim, the element patterns Fy, and Fyy in Equation
(5) are expressed by the pattern of a half tri%ﬁgular stribution
(see Section 6).

The summation over M in Equation (2), i.e., the x-integration
part, is just a simple sum of Ygyy's as

MAX
SUM = Dy ..21 Ygum(M) (12)

for each rectangular component of the near field. Then the near field
at point (x,y,z) is obtained by

E=d (sUMx + suMy + SUM,2) : (13)

13




FLOW DIAGRAM

Aperture integration for near field

ol LOOP through all principal vertical
grid lines M=1, HAX

T

YES Calculate YSUM

Calculate middle sum YSM

Calculate lower sum YSL
and upper sum YSU

Calculate the total contribution
* YSUM along grid line M

r-:

Calculate the partial sum of the
x-integration by adding YSUM
for grid line M

Y
[ CONTINUE
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KEY VARIABLES

XX X component of a X-oriented Huygen's source

cxy X component of a Y-oriented Huygen's source
or Y component of an X-oriented Huygen's source

cYy Y component of a Y-oriented Huygen's source

DPX (¢x) Horizontal phase argument of a basic sub-
aperture

OPXL Horizontal phase argument of a subaperture at
the left edge

DPXR Horizontal phase argument of a subaperture at
the right edge

DPY (oy) Vertical phase argument of a basic subaperture

DPYL Vertical phase argument of a subaperture at
the lower edge

DPYU Vertical phase argument of a subaperture at
the upper edge

EA(1,M,N) (E:) X component of the aperture field at grid
point (XM,YN)

EA(2,M,N) (E;) Y component of the aperture field at grid
point (XM,YN)

EAL Interpolated aperture field at the lower rim
point along grid line M

EAU Interpolated aperture field at the upper rim
point along grid line M

EDX X component of the computed near field

EDY Y component of the computed near field

EDZ Z component of the computer near field

ELPAT Element pattern function for equivalent
aperture current

EXPI Phase term for the ieftmost grid point inside
the aperture

EXPL Phase term for the leftmost rim point
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EXPM Phase term for the rightmost grid point inside
the aperture

EXPR Phase term for the rightmost rim point

FFXN (Fxn) Horizontal pattern function for a rectangular ,
subaperture j

FFY Vertical pattern function for a basic rectan- "

gular subaperture

FHYM Vertical pattern function for a basic rectan-
gular subaperture with a half triangular
distribution (negative argument)

FHYP Vertical pattern function for a basic rectan-
gular subaperture with a half triangular
distribution (positive argument)

FYM Vertical pattern function for a rectangular
subaperture at the edge with a half triangular
distribution (negative argument)

FYP Vertical pattern function for a rectangular
subaperture at the edge with a half triangular
distribution (positive argument)

GRIDX (Dx\ Horizontal grid size in the principal grid
system

GRIDY (DY) Vertical grid size in the principal grid system

JC Horizontal grid Tine index of the origin of the

reflector coordinate system

JLo (9) Index for the horizontal grid line inside the
projected aperture closest to the lower inter-
section point on the grid line M

Juo (3y) Index for the horizontal grid line inside the
projected aperture closest to the upper inter-
section point on the grid line M

MAX (MMAX) Maximum number of vertical grid lines

MC Vertical grid line index M of the origin of
the reflector coordinate system

PHIRN (¢MN) PHI coordinate angle of the near field point
XN as referred to the aperture point (XM,YN)
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QDX

QXL

QXR

QYL

Qyu

S1

SUMX
SUMY
SumMz
THERN (emy)

XN
XP

YEXP
YLR (v p)
Yp

YSLX

Normalized distance f n the integration point
to the vertical grid line M

Normalized distance from the leftmost rim point
to the first vertical grid line inside the
aperture

Normalized distance from the rightmost rim point
to the last vertical grid line inside the
aperture

Normalized distance from the lower rim to the
grid line JL

Normalized distance from the upper rim to the
grid line JU

Distance from a grid point not adjacent to the
rim to the near field point XN

Distance from the intersection point along the
grid line M to the near field point XN

X component of the x-integration sum

e bl et i e e o

Y component of the x-integration sum

Z component of the x-integration sum

Theta coordinate angle of the near field point
XN as referred to the aperture point (XM.YN)

Coordinates of near field point

X-coordinate of the near field point XN as
referred to the aperture point (XM,YN)

ke oSN | sl e e e b

Phase term for near field integration for the
grid point (XM,YN) {

Y-coordinate of the intersection of the grid
Tine M and the lower rim :

Y-coordinate of the near field point XN as
referred to the aperture point (XM,YN)

X component of the lower sum of the Y-inte-
gration
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YSLY
YSLZ
YSMX
YSMY
YSMZ
YSUX
YSUY
YSuZ
YSUM(1,M)
YSUM(2,M)
YSUM(3,M)

YUR (yyr)

Y component of
gration

Z component of
gration

X component of
gration

Y component of
gration

Z compgnent of
gration

X component of
gration

Y component of
gration

Z component of
gration

the

the

the

the

the

the

the

the

Tower sum of the Y-inte-

lower sum of the Y-inte-

middle sum of the Y-inte-

middle sum of the Y-inte-

middle sum of the Y-inte-

upper sum of the Y-inte-

upper sum of the Y-inte-

upper sum of the Y-inte-

X component of the total sum of the Y-inte-
gration for grid line M

Y component of the total sum of the Y-inte-
gration for grid line M

Z component of the total sum of the Y-inte-
gration for grid line M

The Y-coordinate of the intersection of the
grid 1ine M and the upper rim
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CODE LISTING

240

*xxY [NITEGRATION FOR NiZAir F1LELD *k*

SUMX=(. ,¥,)

SU“V;Y=(MO '”o )

SUMZ=(4. ,0.)

DO 220 M=1 ,MAX

NPRI =0

IF (LDELUG.ANMD (M. EQ.MNO)) NPRI=I
XP=XN(1)=(M-}CI*GRNX :
IF (M.EQel) XP=XN(1)=XMIN i
IF (MeENLMAX) XP=XMOT)=-XMAX
HP=XP*XP+XH () *XN(3) é
JLO=JL (M)

JUO=JU (k)

IF (JUO-JLO.GT.1) GO TO 216

YP=XN(2)=YLK (M)

PHIKN=BTAN2(YP ,XP)

SINPN=SIN(PHIKN)

COSPN=CCS(PHIKI)

THERN=BTAN2 ( SURT (XP*XP+YPxYP ), XN(3))

SINTN=SIN(THERN)

COSTN=CCGS(THERN)

S=SQKT(YP*YP+kP)

EXPL=CEXP(=CJ*TPI*S)

YSUM (1 ,M)=(YUR(M)=YLR(M) )*EA(] M,JUOI*EXPL/S
YSUM(2,b)=(YUR(M)=YLIR(M) I*EA(2 ,4,JUO)*EXPL/S
ELPAT=CUS(THERN/2.)

DUMY=COLIN-1.

CXX=1.+COSPN*COSPHNADIMY

CXY=SINPPN*COSPNADUMY

CYY=1 .+ TNPNXSINPN*DUMY

YSUM(3 M )==GININ*CYSUMCT ,MIXCOSPN+YSUM (2 JM)RSINPN) *ELPAY
TMX=YSUN (1 M)

YSUM T ¢M)=(CXX*,TMX+CXY*YSUM(2, X)) )*ELPAT

YSUM(2,4 k)= (CXY*TMX+CYY*YSUL (2, M) )I*XELPAT

IF (LWYSUM) PRITE (6,106) MoYSUMC(1 4D, YSUM(2,4), YSUM(3,M)
GO 10 220

* CALCULATE YSM *

JF=JU0~1
JI=JLO+]
KM=JF=J1+1
YSMX=(0.,0.)
YSMY=(@. 3. )
YSMZ=(6.,0.)
DO 208 KJ=1,KM
J=KJ+JI~}
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1Yo
L1y
1yb
INE%Y
1 2v6
120
12¢2
1205
12v4
IZVIb
1200
1267
1208
120¢
12106
1211
1212
121z
1214
121y
1216
1217
1218
121y
1220
1221
1222
1225
1224
1225
1220
1227
1228
122y
124v
1251
1252
1253
1234
1235
12206
1237
1238
123¢y

Q4
1241
1242
1242
i244
1245
1240

coco

208

NJ=J+1

YP=XN(2)-(J=-JC)*GRDY

PHIRN=BTAN2(YP,XP)

SINPN=SIN(PHIRN)

COSPN=COS(PHIRN)

THERN=BTAN2 (SOKT(XP*XP+YP*YP ), XN(3))

SINTN=SIN(THERN)

COSTN=COS(THFEFitN)

DPX=TPI*COSPNxSI NTN*GR DX

FEXN=FF(DPX)+CJ*x0,

DPXL=DPXx*N XL

DPXR=DPX*Q XK

IF (MJEQ. 1) FEXHI=OXL*FH(DPXL)

IF (M.EG.2) FFXN=FH(DPX)+QXL*FH(-DPXL)

IF (MJEQ.MIX) FEXN=FH(-DPX)+0XR*FH(DPXR)

IF (M EQ.MAX) FFXN=OXR*FH(-DPXR)

DPY=TPI*SINPNxS[ NTN*GRDY

FFY=FF(DPY)

S=SORT(YPX*YP+RP)

YEXP=CEXP(=CJ*TPI*S)*FFXNxFFY

ELPAT=COS(THERN/2.)

DUMY=COS¢TN-1,

CXX=1.+COSPN*COSPN*DUMY

CXY=SINPN*COSPN*DUMY

CYY=1.+SINPN*SINPN*DUMY

YSMX=YSMX+ (CXX*EA( T, M, NJ)+CXYXEA(2 M NJ)IXYEXP*ELPAT/S
YSMY=YSMY+ (CXY*EA( T (M NJ)+CYY*EA (2 M ,1HJ) )XYEXP*ELPAT/S
YSMZ=YSMZ=SINTM* (EAC 1 {M NJ)*COSPN+EA (2 M NJ)XSINPN)*YEXP*XELPAT/S
CONT INUE

* CALCULATE YSL *

YP=XN(2)=YLR(M)

SI=SQRT(YP*YP+kP)
EXPL=CEXP(-CJ*1PI*xSl)
YP=XN(2)=(JLO-JC)*GRDY
S2=S0HT(YP*YP+RP)
EXPI=CEXP(=CI*xTPI*S2)
PHIKRN=BTAN2(YP,XP)

SINPN=SIN(PHIRN)

COSPN=CUS(PHIRN)
THERMN=B1AN2 ( SORT (XP*XP+YP*YP ), XN(3))
SINTN=SIN(THERN)

COSTN=CUS (THERN)
DPX=TPI*COSPN*SINTN*GRDX
FEXN=FF(DPX)+CJ*4,

DPXL=DPX*QXI.

DPXR=0DP X*0 XK

IF (MoEQa1) FFXN=QXL*rH(NPXL.)

IF (M EG.2) FEXN=FH(DPX)+QXL.*FH(-DPXL)
IF (M EC.MIX) FFXN=FH(=DPX)+0Xk*FH(DPXR)
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1247
1248
124y
120
121
1252
125=
1254
1255
1250
1257
1258
125y
1260
1201
1262
1263
1204
1205
1266
1207
12038
126%
1276
1271
172
1273
1274
1275
1270
1257
12718
127y
1280
126}
1282
1.283
124
1285
1280
1287
1288
128y
1294
12vi
122
1293
12v4
12vY
1290
1297

cCcac

IF (M.EQ.MAX) FrXN=OXR*i-H(-[IPXH)
DPY=TPI*SINPN*SI NTN*GKDY
FHYP=FH(DPY)

DPYL=DPY*QYL (i)

FYM=FH(-DPYL)

FYP=FH(DPYL)
EXPL=EXPL*FYP*QYL (i)

EXPI=EXPI* (FYM*QYL(M)+FHYP)

EAL=EAC T (M, JLO+ 1 )% (QYL(M)+ 1. )=EACT M, JLO+2)*QYL(M)
IF (NPRI.EQ. 1) WRITE (6,=) EAC1,M4,JLO+1),EAC1,24,J1.0+2) EAL

YSLX=FFXN* (EAL*EXPL/SI+EAC1 M, JLO+1)*[-XPI/S2)

EAL=EA(2 M, JLO+1 )X (QYL (N )+ 1, )=EA(2 M JLO+2)*NYL ()
IF (NPRI.EQ.1) WRITE (6,949) JLO,JI,EA(2,M,JI),EAC2,M,JL0+2)

2,EAL

YSLY=FFXN* (EAL*EXPL/SI1+EA(2,4,J1.0+1)*EXP1/S2)
ELPAT=COS(THERN/2.)

DUMY=COESTN-1,

CXX=1.+COSPN*COSPN*UMY
CXY=SINPN*COSPN*DUNY
CYY=1,+SINPHXSINPN*DUMY

YSLZ=~SINTN* (YSLX*COSPN+YSLY*SINPN)*ELPAT
TMX=YSLX

YSLX=(CXX*YSLX+CXY*YSLY) *LLPAT
YSLY=(CXY*THX+CYY*YSLY)*ELPAT

* CALCULATE YSU *

YP=XN(2)=YUR (M)

SI=SQRT(YP*YP+RP)
EXPH=CEAP(=CJ*TPI*S1l)
YP=XN(2)=(JUO~JC)*GRDY
S2=50RT(YP*YP+RP)
EXPM=CEXP(=-CI*TPI*x52)
PHIRN=BTAN2(YP,XP)

SINPN=SIN(PHIRN)

COSPN=COS(P11IKN) .
THERN=B1AN2 ( SOURT CAP*XP+YPxYP ), XN(3))
SINTN=SIN(THEKN)

COSTN=COS(THFRN)
DPX=TPI*COSPN*SININ*GRDX

FEXN=FF (DPX)+CJ*{,

DPXL=DPX*Q XL

DPXR =P X*Q Xk

IF C4.EQ1) FEXN=QXLAFH(DPL)

IF (MoENL2) FFXN=FH(DPX)+)IXL*FI(=DPXI.)
IF (MeEG.MIX) FFXN=FH(=DPX)+OXit*FH([iPXh)
IF (MeEGJMAX) FEXN=QXi*rli(-DPXR)
DPY=TPI*SINPN*SINTHN*GLDY
FHYM=FH(=DPY)

DPYU=DPY*QYU (M)

FYM=FH(=DPYU)
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129 FYP=EHLPYLD)
| 129y EAPM=EXPM* (FYP*QYU (M)+FHYM)
r 1 360 EXPR=EXPH*FYNM*QYU( M)
1301 EAU=EAC 1')M, JUO+1 )% (QYU M)+ 1, )-EA (1 (M,JUC)I*QYU ()
132 IF (NPRI.EQ.1) WRITE (6,=) EACT,M,JUO+1) ,EACT,M,JUO) ,EAU
1363 YSUX=FFXN* (EAU*EXPR/S1+EAC 1, M, JUO+1)*EXPM/S2)
1 304 EAUSEA(2 M, JUO+1 )% (QYU(M)+1.)=EA(2 ,M,JUO)I*OYU(M)
1364 IF (NPRI.EQ.1) WRITE (6,909) JUO,JF,EA(2,M4,JU0+1),EA(2,M,JUO)
13vs 2 ,EAU
, 1367 IF (NPRI.EQ.1) WRITE (6,=) QYL(M),0YU(M),YLR(HM), YUR(M)
E 1 306 YSUY=FFXN* (EAUXEXPR/S1+EA(2, M, JUO+ 1) *EXPM/S2)
130y ELPAT=COS(THERN/2.)
131¢ DUMY=COSTN-1.
1311 CXX=1.+COSPNACOSPN*DUMY
1312 CXY=SINPN*COSPN*DUMY
1315 CYY=1.+SINPN*SINPN*DUMY
1314 YSUZ==SI NTN* (Y SUX*COSPN+YSUY*S INPN )* ELPAT
131Y TMX=YSUX
1310 YSUX=(CAX*YSUX+CXY*YSUY) *ELPAT
1317 YSUY=(CXY*TMX+CYY*YSUY)*ELPAT
13516 YSUM (1 ,M)=(YSLX+YSHMX+YSUX) *GRDY
131¢ YSUM (2 oM )= (YSLY+YSMY+YSUY) *GRDY
1320 YSUM (3 ,M)=(YSLZ+YSMZ+YSUZ) *GRDY
1321 IF (LWYSUM) WKITE (6,166) M,YSLX,YSMX,YSUX,YSUM(1,M)
1322 [F (LWYSUM) WRITE (6,166) M,YSLY,YSMY,YSUY,YSUM(2,%)
1323 IF (LWYSUM) KRITE (6,166) M,YSLZ,YSMZ,YSUZ,YSUM(3,M)
1324 C
1325 ¢ x%% X INTEGRATION FOR NEAR FIELD *#%
1320 C
1427 SUMX=SUMX+YSUM (1, )*GRDX
1328 SUMY=SUMY+YSUM (2, )*GRDX
132y SUMZ=SUMZ+YSUM(3 i )*GRDX 1
| 330 IF (LWYSUM) KKITE (6,166) M,SUMX,SUMY,SUMZ
1334 226 CONTINUE
1352 EDX=CJ*SUMX
1333 EDY=CJ*SUMY
1324 EDZ=CJ*SUMZ
I 335 IF (LTEST) WRITE (6,19%) EDX,EDY,EDZ

1356 [F (.NOT.LFEED) GO TO 224




l- SECTION 7. X-INTEGRATION FOR FAR FIELD

PURPOSE

: To numerically integrate the y-integration sums along the horizon-
tal grid line and obtain the final far field pattern.

."-’lA‘L e Ay L‘dx“"‘A‘R‘;‘-
T} ’ ? * M T -l xf ‘
Xmin M22 M=3 max ~! Xmax

! L—SL . Su sy e

Figure 1. The x~integration parts

METHOD

Fj Using the result of y-integration, the scalar radiation integral
, for the far field pattern reduces to

X

[ = %%'I ma x YSUM ejkxsinecoso dx

min

The x-integration is divided into three parts in a similar way
as was the y-integration. The middle part consists of the basic sub-
apertures (subapertures with full grid size) with full triangular dis-
tribution as shown by the dashed 1ines in Fig. 1. The expression for
the distribution of a basic subaperture is given by

[ fF(x)zl --I_xi.:O_I.




for |x-x |<d » as shown in Fig. 2a. The resulting far field pattern for
the ba51c suﬁaperture. i.e., element pattern, is given by

Fsp(0.9) = d, cose Fp(e,)

where

and the argument
¢x = k d, sinecos¢

Thus the result for the middle part of the x-integration is simply the '
sum of the product of the y~integration sum and the phase exponential
for each subaperture multiplied by its element pattern as given by

Mnax~2 J(I-1 )0,
Sy = dy Fele,) MZ3 Ysum(M) €

where [=M-1, I. is the I index for the origin, and Mnax is the maximum
number of rota%ed grid lines.

(o) X X
—dl +dl O d]

Figure 2. Triangular subaperture distributions
(full and half).
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The contributions from the left and right parts of the x-integra-
tion are treated in the same way as for the lower and upper parts of the
.. y-integratinn, except that the element patterns are calculated separately
1 for each of the three subapertures near each of the left and right edges

. of the reflector rim. Each of these subapertures has a half-triangular
distribution as shown in Fig. 2b. The element patterns for these sub-

i‘ apertures can be represented by
S jo. © .
a o X i
- Fuley) = 18— +
3 e )P ™

The contribution S, from the left part is given in terms of the y-inte-
gration sums f L ahd fgy as shown in Fig. 1. The edge value fp| is
obtained by exlrapolatgon using Equation (15) with flLSYsum(z) and fp =
Youm(3), thus

axy ax
fEL = Vsm("min) = ysw(z) (' + a’;— - YSUM(3) a-;-

where ax; is the distance between x,;, and the M=2 grid line.

§ Consequently, the contributions from the three subapertures of the left
: part are given by

; Jjk stnocos¢

i SL=fe ® in Fa(toyJax

i j(]'lc)‘x

: tfLe [Fy(~0y )axy + Fy(+e,)d,]

{-

‘e where

. fiL = Ysum(2) and

. doxL = k ax; sinecose

is the argument for the element patterns Fy(t¢, ) of the two subaper-
tures with width ax, .

Similarly, the value fgp for the y-integration at the right edge
of the reflector rim is given by

AXR AXR
fER = Ysum(Xmax) = Ysum(Mpax~) Q + vy Y sum(Mmax-2) a.

85




The contributions of the three subapertures of the right part can be
obtained as

JkXpaxsinecose
SR = fER e FH("¢XR)AXR

L -1 )4,
*fire nax ¢ (Fy(+oyglaxg + Fy(-4,)d,]

where

1R = Ysum(Mnax-1) and

xR = k Axp sinecos¢

Finally, the resulting far field pattern function as calculated
by the rotating grid method is obtained by adding up the partial sums.

SUM = (S + Sy + Sp) cos(%)

where cos(6/2) is the element pattern factor of the equivalent aperture
currents.

Since the aperture field has both x and y components, the far field

pattern associated with these two orthogonal aperture field components
are calculated by the above equation and represented by SUMx and SUMy
respectively. Each element of the aperture is assumed to radiate the

same polarization as a Huygen's source, thus the spherical components
of the far field pattern are given by

EJ = (cose -SUMy+sing -SUM,) |coso|
and

d=-' . - .

E¢ J(sing-SUM, -cos¢ SUMy)lcos¢|

where |cos¢| is the correction factor for the enlarged grid size due
to grid rotation.
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FLOW DIAGRAM

x-integration for far field

Calculate argument DPX and the
element pattern functions FFX,
FHXP and FHXM associated with
the basic subapertures

Calculate the
. Middle sum SUMM
Jeft sum SUML
right sum SUMR

Calculate the total sum and
its spherical components
EDT and EDP

Continue
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KEY VARIABLES

ACOSP
DPX
DPXL

DPXR

EDP
EDT
ELPAT

EXPI

EXPL
EXPM

EXPR
FFX

FHXM

FHXP

FXM

FYP

GRDX

|cose|
(¢y)
(o)

(¢xR)

(ES)
(E9)

(Fe(0,))

Absolute value of cos¢

Phase argument of a basic subaperture

Phase argument of a subaperture at the left
edge

Phase argument of a subaperture at the right
edge

PHI component of the radiation field
THETA components of the radiation field

Element pattern function for equivalent
aperture current

Phase term for the leftmost grid point inside
the aperture

Phase term for the leftmost rim point

Phase term for the rightmost grid point inside
the aperture

Phase term for the rightmost rim point

Horizontal pattern function for a basic sub-
aperture with a full triangular distribution

Horizontal pattern function for a basic sub-
aperture with a half triangular distribution
(negative argument)

Horizontal pattern function for a basic sub-
aperture with a half triangular distribution
(positive argument)

Horizontal pattern function for a subaperture
at the edge with a half triangular distribution
(negative argument)

Vertical pattern function for a subaperture at
the edge with a half triangular dis=ribution
(positive argument)

Horizontal grid size
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MAX Mnax Maximum number of rotated grid lines

‘ PG Variable used for phase argument DPX (calculated i
| in subroutine GRID §
% PHSX Phase path of an integration grid point on |
i the aperture
| PHXL Phase path of the
PHXR Phase path of the rightmost rim point ,
QXL Normalized distance from the leftmost rim point 5
to the first vertical grid line inside the 1
aperture :
QXR Normalized distance from the rightmost rim point ‘
. to the last vertical grid line inside the
aperture
RFCT (e'ikR) Range factor (used if LRANG is true)
SUMLX X-component of the left x-integration sum
SUMLY Y-component of the left x-integration sum
SUMMX X-component of the middle x-integration sum
SUMMY Y-component of the middle x-integration sum
SUMRX X-component of the right x-integration sum
SUMRY Y -component of the right x-integration sum
SUMX X-component of the total x-integration sum
SUMY Y-component of the total x-integration sum
XEXP Phase term for an integration grid point
YML Interpolated YSUM value at the left edge
YMR Interpolated YSUM value at the right edge
YSUM(1,M) X-component of the total sum of the Y-integra-

tion for grid line M

YSUM(2,M) Y-component of the total sum of the Y-integra-
tion for grid line M
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1374
1370
1376
1377
1378
137y
13806
1381
1382
1383
1384
1385
1380
1367
138
138Y
1 3v¢
1391
13y2
1393
1394
13vH
13v6
13975
1348
139y
1400
1401
1442
1405
1404
14u5
1406
1407
1418
14009
1410
1411
1412
1414
1414
1415
1410
1417
1418
141y
142¢
1421
1422

CODE LISTING

C

C

C
2217

N
cC

cocon

230

cace

cocc

*kxkx X INTEGKHATION FOR FAR FIELD #%%%x

DPX=PG*SINT
FFX=FF (DPX)
FHXP=FH(DPX) |
FHXM=FH(=DPX) |
IF (LTEST) WRITE (6,228) DPX,FFX,FHXP,FHXM
FORMAT(2H 1, T10, 2UPX =7 ,F7.4,5X,5F10.5,T79, 1HD) 1

* MIDDLE SUM =*

SUMMX=(6.,0.)

SUMMY=(E ., @, )

DO 230 M=l ,MAX

IF (M.LE.2.0R.M.GE.MIX) GO TO 230
I=M-1

IX=I-IC

PHSX =] XADPX

XEXP=CEXP(CJ*PHSX)
SUMMX=SUNMX+YSUM (1 , M)*XE XP*FEX*GRDX
SUMMY=SUNMY+YSUM (2 , M) *XEXP*FFX*GRDX
IF (LAYSUM) WRITE (6,166) M,SUMMX, SUMY
CONTINUE

* LEFT SUM %

PHXL=(XLIN/GRDX)*DPX

DPXL=QXL*DPX

FXP=FH(DPXL)

FXM=FH(=DPXL)

EXPL=CEXP(CJ*PHXL)

EXPI=CEXP(CI*( I=IC)*DPX)

YML=YE M1 ,2)% (NXL+1.)=YSUM( 1, 3)*QXL
SUMLX=YML*EXPL*F XP*DXL+YSUM( 1,2 ) *EXPI* (FXM*xDXL+FHXP*GRDX)
YML=YSUNM(2 ,2)* (QXL+1.)=YSUM(2,2)*QXI.
SUMLY=YML*EXPL*FXP*DXL+YSUM(2 42 )*EXP I% (FXY*DXL+FHXP*GRDX)

* KIGHT SUM *

PHXR=(XLAX/GRDX) *DPX

DPXR=QXKk*DPX

FXP=FH(DPXR)

FXM=FH(=-DPXk)

EXPR=CEXP(CJI*P}XR)

EXPM=CEAP (CJ*(IMAX=1C)*DPX)

YMH=YSUM (1 (M IXI* (OXR+1,.)=-YSUMCT, IMAX)*QXk
SUMRX=YMR*EXPR*F XM*ADXR+YSUN (14 MI X) *EXP M (FXP*DXR+EHXM*GRDX)
YMR=YSUN (2 (MIX)* (QXR+1,) =Y SUM(2, IMAX ) *CXRH

90




1423
1424
1425
1426
1427
1428
142¢%
1453¢
1431
1422
1452
1454

SUMRY=YA K*EXPR*F AN*DXR+YSUM( 2, MI X) *EXPMA (FXP*) XK+FHXM*GHX )
IF (LWYSUM) RRITE (6,1066) ¥,SUMLY, SUMRY
ELPAT=CGS(THER/2.)
SUMX=ELPAT* ( CUML X+SUMM X+ SHUMRX)
SUMY=ELPAT*( SUMLY+SUMMY+SUMRY)

IF (LTEST) PRITE (6,195) SUMX,SUNY
EDT=CI*(COSP*SUMX+SIMP*SUMY)*RrCT* ACOSP
EDP=CJ* (=SINP*SUMX+COSP*SUMY ) *+CT*ACOSP
IF (LTES1) RWRITE (6,195) COSP,SINP,ACOSP
IF (LTEST) WkITE (6,235) N,EDT,EDP
FORMAT(2H T,15,4Ei1.5,T79, IHT)

IF (.NO1.LFEED) GO TC 242

9
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B. SUBROUTINES
SUBROUTINE BABS
PURPOSE
This function computes the absolute value of a complex argument.

It is similar to CABS, except it avoids run time errors when the real
part and imaginary part of the argument are zero.

METHOD

The system function CABS is used unless the absolute value of the
real part and the imaginary part of the argument are close to zero, in
which case a very small value is returned.

KEY VARIABLES

X Absolute value of the real part of Z
Y Absolute value of the imaginary part of 2z
z The complex argument

CODE LISTING

FUNCTION BABS(Z)
e

C!1!Y  THIS KOUTINE IS USED TO GIVE COMPLEX ABSOLUTE VALUES. IT IS

4 (1!Y USED RATHER STANDARD ROUTINES TO AVOID EXECUTION ERRORS.
5 il
14 COMPLEX £
q X=ABS(REAL(Z))
8 Y=AUS(AIMAG(Z))
) BABS=CALS(Z)
! RETURN
) BABS=1.E~20
> RETURN
4 ERD
92
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SUBROUTINE BTAN2
PURPOSE

This function computes the two argument arctangent function. It
is similar to ATAN2, except it avoids run time errors when the second
argument is zero.

METHOD

The system function ATAN2(Y,X) is used to return the angle in
radians, whose sine is Y and cosine is X unless the second argument
P or both of the arguments are zero. If the second argument is zero,
either n/2 or -a/2 is returned depending on the sign of the first
argument. If both arguments are zero, a zero value is returned.

KEY VARIABLES

X Second argument, which is the cosine of the
angle to be computed

Y First argument, which is the sine of the angle
to be computed

CODE LISTING

. FUNCTION BTAN2(Y,X)
ot
Citt THIS ROUTINE IS USED TO COMPUTF THE ARCTANGENT. IT IS SIMILAR
Liif TO ATANZ2 EXCEPT IT AVOIDS THE RUN TIME ERRORS.,
cin
CONMMON/PIS/PI TPI,DPR
IF(ABS(X).Gl.l.E=20) GO TO 5m
IF(ABS(Y).GT.1.E=20) GO TO 10
bTAN2=0),
HETURN .
ivi ISTAN2=P1/2.
IF(Y.LT.¥.) BTAN2=-BTAN2
RETURN
b BTAN2=ATAN2(Y,X)
KETURN
END

U ULUNaT LU NOCN —




SUBROUTINE DBPHS
PURPQSE
To calculate the normalized power level in dB and the phase of
a complex field value.
METHOD

The power of a complex field value E expressed in dB is given by
DB = 20 log]0|E| + REF

and the phase of E by

= pan-] ImiEg)
¢ = tan (Re E

where Re(E) and Im(E) are the real and imaginary part of E.

For far field calculations without the range factor e-JkR/R (LRANG
=false). The output of the code is expressed as antenna gain relative
to isotropic. In this case, the value of REF is set equal to REFDB which
is calculated in the main program using the information of relative power
radiated by feed (see Section 1 of the main program).

For far field calculations including the range factor or for near

field calculations the value of REF is set to zero. The value of REF
is summarized in the table below.

TABLE FOR REF VALUE

INPUT FAR FIELD NEAR FIELD
VARIABLE (LNF=false) (LNF=true)
LRANG
True REF = 0 REF = 0
False REF = REFDB REF = 0
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FLOW DIAGRAM

DBPHS(AE ,E , REF)

INPUT VARIABLES

E Complex field value

REF Reference power level

OUTPUT VARIABLES

AE Absolute value of the field value

E Normalized power level and phase of the
field value

Take absolute value AE of
the field value E

VES /\

Calculate and

normalized power Set DB=-500

level in dB FASE=0
1

Italcu]ate phase

RETURN
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KEY VARIABLES

DB Normalized power level of complex field value E

FASE  (4) Phase of the complex field value E

CODE LISTING

SUBROUTINE DBPHS (AE, E,REF)
COMPLEX E
COMMON /PIS/PI,TPI,DPR
AE=BABS(E)
IF (AE.GT.2.) GO TO 10
Db=-500.
GO TO 2¢

10 DB=20.*ALOGI@(AE )+REF
FASE=BTAN2 (AIMAG (E ), REAL (E ) }#DPR

20 E=CMPLX(DB ,F ASE) {
RETURK
END

CN-TBCOCUD LGN —
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SUBROUTINE DCHP
PURPOSE
To calculate the edge diffraction coefficients, the slope dif-

fraction coefficients of a half plane, the corner diffraction coeffi-
cients and the slope corner diffraction coefficients for a plate.

METHOD

Using the wedge diffraction coefficient formulation [5,6], the
edge diffraction coefficients for a half plane can be expressed by

Ds,h(B,8,) = DI % DI*

where
-j %
pI- . -¢_~  F[kLa(s")]
2/27k singy, .os B~

2

-- “
+ _ -e 1z F|kL§B*)1
DI —_—

n

2/Zrk singy o BT
2
B =00,

a=2 cos«%) ’

L is the distance parameter,

= 2il/X JX r» -j'tz ;
F(X) = 2j|v/X|e )R] e dv is the transition function,
Bo is the diffracted cone angle and

¢ and ¢' are the diffraction angles for the diffracted field and
incident field, respectively.
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The slope diffraction coefficient for a half plane is given by

a0 .

where

L

-7 -
-_ sfk_e L 8 - -
o1~ = 3% o sin(-é— [1-FLkLa(8")]]

and

s M

3, +
oot = 3 St si,(g_) [1-FlkLa(s*)]]

The corner diffraction fields from a corner of a plate (see Fig. 1)
can be represented by[7]

gc c Ea
"} = CORN { ° .

c i
where
-j %
sing_ e A ik )
= o > _-jk(s.-s'
CORN P (T FlkLca(Boctae) | Ig: e c
e-Jks
S

Cs,p = DI x AFC™ + DI" x AFC*

and
¥
AFC = l [kL 203 +B l is the heuristic function .
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L

No:: that the angles 8, B¢ (see Fig. 1) and the corner distance para-
meter

_ S,.S
Lc [

SC"'S

are calculated in the subroutine GTD.

In the code the diffracted fields from both corners ME and ME+]
of a rim segment ME are combined in the following way

i
3 ) BsEn
c .
E] BhEl

where the coefficients B, and B, are given by
By p = OI" x cC™ # pI* x cc?
and

x AFct

P 3
CC" = CORNyr x AFCME + CORNME+] ME+] s

Similarly, the coefficients for slope corner diffraction are given by

aBs’h aDS’h
30T = o1 X (CORNME + CORNME+I)




SOURCE

Figure 1.

RECEIVER

iy LOCATION
Xn

Geometry for corner diffraction problem.

100




———
-

. g -
e v ——— e ae

B S S S

FLOW DIAGRAM

INPUT VARIABLES
DEL

CORN

R (L)

PS (¢)
PSO (¢")
SBO

DCHP(DEL ,CORN,R,PS,PS0,SBO)

|
|
|

Variable regresenting the value of
kL.a(Boc*B¢

Variable representing the part of the
corner diffraction coefficient
exclusive of Cg p

Distance parameter

Diffraction angle for diffracted field
Diffraction angle for incident field

Sine of the diffracted cone angle 8

Loop through incident and
reflection parts of the
diffraction coefficients

Calculate the incident and

reflection parts of the

diffraction coefficient DI

and those of the slope diffraction coefficient DPI

Is corner
diffraction required?
(LCORNR)

NO

YES
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Loop through both corners
ME and ME+]

Calculate variable CC and
heuristic function AFC for
corner diffraction coefficient

Sum incident and reflection
parts of all diffraction
coefficients

RETURN
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KEY VARIABLES

AFC
ANG
ARG
BET
BH

BPH

BPS

BS

cC

DI

DH

DPH

DPS

DS

FA
FFCT
LCORNR

LSLOPE

(a)

(8)
(B,)

(th)
Ty

(Bg)

(0;,)

)

(Dg)

Angular separation parameter

Heuristic function for corner diffraction
Variable for PStPSO in radians

Argument for AFC

Variable for PS+PSO in degrees

Hard corner diffraction coefficient
Hard slope corner diffraction coefficient
Soft slope corner diffraction coefficient

Soft corner diffraction coefficient
Variable representing the combined effect
for both corners ME and ME+1 in the corner
diffraction )

The incident or reflection part of the edge
diffraction coefficient

Hard diffraction coefficient for edge
Hard slope diffraction coefficient for edge
Soft slope diffraction coefficient for edge

Soft diffraction coefficient for edge
Transition function for edge diffraction
Transition function (see section on FFCT)

Logical variable for corner diffraction
(see User's Manual)

Logical variable for slope diffraction
(see User's Manual)
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INPUT/
OUTPUT

(0)
(0)
(0)

(0)

(0)

(0)

(0)

(0)

(1)

(1)




SL
TERM
TERMP

Value for DI near the shadow boundaries
Temporary coefficient for DS,DH

Temporary coefficient for DPS,DPH

CODE LISTING

O~ oUnNLGN -

G

SUBROUTINE DCHP(DEL,CORN ,R,PS,PS0,SBO)
DIMENSION DEL(2)

COMPLEX CORN(2),DI(2),DPI(2),CC(2) ,TERM,TERMP,FFCT,FA, TOP
COMPLEX ¢J,DS,DH,DPS,DPH ,BS,BH,BPS,BPH,CIN,CIP,CCP

COMMON /DSC/DS ,DH, DPS, DPH, BS,BH, BPS, BPH

COMMON /PIS/PI,TPI,DPR

COMMON /LOGDIF/LSLOPF,LCORNR,LNF,LRANG

COMMON /TEST/LDEBUG,LTEST,NTEST

COMMON /TOPD/TOP

COMMON /OUT/NW

LOGICAL LCORNR,LSLOPE,LDEBUG,LTEST

IF (LDEBUG) WRITF (NW,2) R,PS,PSO,SBO,1.0G,DEL(1),DEL(2)
FORMAT (T5,/DEBUGGING SUBROUTINE DCHP’ ,//4F10.2,15,2F10.4)
CJ=(0.,1.) .

TERM=TOP/(2.*TPI*SBO)

TERMP=CJ%2 . TP I*TERM*R

IF (LDEBUG) WRITE (NW,3) TERM, TERMP

FORMAT (T1¢,6HTERM =,2F10.4,5X,THTERNP =,2F10.4)
SL=0.5%*SQRT(R)/SBO

IF (DEL(1).LT.1.D=2@) DEL(1)=1.D-20

IF (DEL(2).LT.1.D=20) DEL(2)=1.D-20

BET=PS-PS0

DO 20 N=1,2

ANG=BET/DPR

SB=SIN(ANG/2.)

CB=COS(ANG/2.)

A=2.*CB*CB

IF (LDEBUG) WRITE (NW,4) BET,CB,A

FORMAT (T16,5HBET =,F8.2,5X,4HCB =,F101.6,5X,34A =,F10.6)
X=TP I *ABS (R*A)

IF ((LSLOPE).OK. (X.LE.14.)) FA=FFCT(X)

IF (X.GT.10.) FA=1.+CJ/(2.%X)=3./(4 . %X*X)
IF (LDEEUG) WRITE (NKW,7) X,FA

FORMAT (T19,3HX =,F1#.4,5X,4HFA =,2F13.6)
IF (A.Gl.1.D=28) GO TO 5

DI (N)==SL+CJ*#.

GO TO 8

CONTINUE
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3Y DI(N)=TERM*-A/CR
44 8 CONTINUE
4\ DPI(N)=TERMP*S* (| ,~FA)
42 IF (LDELUG) HWRITE (NK,9) DI(N) DPI(N)
3 % FORMAT (T12,4HD]I =,2F1d.5,5X,5HDPI =,2Fi10.5)
44 IF (.NOT.LCORNRKR)Y GO 10 15
4% CCINI=(0.,a)
46 DO 12 I=1,2
47 ARG=h*A/DEL(])
48 ArC=1.,
44y IF (ARG.ILE.10.) AFC=BABS(FFCT(ARG))
50 CC(NI=CC(NI+CORN (] )*AFC
Hi IF (LDEEUGY BKITE (NK,11) ARG, AFC,CC(!),CORNCI)Y,CORN(2)
52 11 FORMAT (T5,5HARG =,F14.4 ,5X,5HAFC =,7TK1¢.6)
5o 12 CONTINUE
b4 I  BET=PS+PS0O
Hh 2¢  CONTTMNUE
“Lo DS=Di(1)=-DI(2)
%7 DH=DI(1)+DI(2)
L8 DPS=DRIC1)+DFI(2)
Hy DPH=DPIC1)=DPI (2)
O IF (JNOL1.LCCRMNR) RIFTURN
ol CIN=DI())*x0CC())
¢ CIP=DI(2)*xCC(2)
o BRS=CIN=-ClIP
04 BH=CIN+CIP
Y CCP=CURN(1)I+COKN(2)
o BPS=iPS*x(Cr
o7 BPH=DPHACCP
oY HETURN
oY ' ND
\
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SUBROUTINE DFPTWD

PURPOSE

To determine the diffraction point on a rim segment for either
a far field or near field point and determine the incident ray unit

vector.

A
4 :
Kg \
s mer
S 1 Bo
Be
V( P Ko
NE
ims
>y
(a) far field
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A “E“

o )
Pu
/

XME

< w»v

(b) Near field

Figure 1. Geometry for locating diffraction point
Xp on edge ME.

METHOD

The coordinates of the diffraction point Xp are determined by
solving a similar triangle system. For edge ME,

— ~

P = ( S-Y)'V

and

w
[

= ' XS"XME‘PV l
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and T = S'cotBo .

For near field (see Fig. 1b)

and

T = (PN-P)S/(S+SN)
Thus the coordinates of the diffraction point are determined by the
vector

Xp = Kye + (P+T)V

Tne distance S' from the source Xg to the diffraction point X
is determined from

13

Xp-Xs

and

s = |VT|

The unit vector for the incident ray is then obtained by normalizing
the above vector

A
vVl =

VI
ST




FLOW DIAGRAM

INPUT VARIABLES
XS

XN

ov

ME
OUTPUT VARIABLES
VI
SP
XD

DFPTWD( S ,XN,DV,VI,SP,XD,ME)

Source location in rectangular coordinate
system

Near field point coordinates

Inner product of the diffraction vector
and the edge vector

Rim segment index

Incident ray unit vector
Incident ray path length

Coordinates of the diffraction point

Calculate cotg,, the distance P and the perpendicular
distance S from the source to the edge

FF

dear field calculation?

(LNF)

NF

Calculate the projected
length T of SP on the
edge

Calculate PN, SN and
the projected length
T of SP on the edge
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Calculate the coordinates of the diffraction
point XD, the incident ray path length
SP and the incident ray unit vector VI

RETURN

e




1

KEY VARIABLES

cT8
LNF

PN (Py)

SN (Sy)

SP (s")

X (Xwg)

Cotangent of diffraction angle Bo

Logical variable to determine whether near
field or far field is calculated

Distance from the source to the corner
ME projected on the edge

Distance from the near field point XN to
the corner ME projected on th2 edge

Perpendicular distance froa the source to
the edge

Perpendicular distance from the near
field point to the edge

Incident ray path length
Projected length of SP on the edge

Rectangular coordinate components of the
rim point ME

m

INPUT/
OUTPUT

(1)

(1)

. T ———
ST s




CODE LISTING

b‘l\):S‘FC!\IO [ S A S

cC < C U

29
22
23
24
25
20
27
28
29
KT
31

WO
P

N

-

54 ¢

Y

S6

o sem tem

cac

16

20

4

39

SUBROUTINE DFPTWD(XS,XN,DV,VI, SP,XD, ME)
DETERMINATION OF THE DIFFRACTION POINT

DIMENSIUN XS(3),XN(3),XD(3),VI(3)
LCGICAL LSLOPE,LCORNR,LNF,LRANG
COMMON /GEOM1/X(67,3),V(67,3),MRIM
COMMON /LOGDIF/LSLOPE, LCORNR,LNF,LRANG
CTB=DV/SORT( | .=DV*DV)

P=0.

PN=0.

DO 14 N=1,3

IF (LNF) PN=PN+(XN(N)=X(ME,N))*V(ME,N)
P=P+(XS(N)=X(ME,N) )*V(ME,N)

S=0.

SN=0.

DO 26 N=1,3
SY=XN(N)=X(ME,N)~-PN*V(ME,N)
SX=XS(N)=X(ME,N)=P*xV (ME,N)
SN=SN+SY*SY

S=S+SX*SX

S=SQRT(S)

SN=SQRT(SN)

T=S*CTB

IF (INF) T=(PN-P)*S/(S+SN)

DO 30 N=1,3
XD(N)=X(ME ,N)+ (P+T)*V(ME,N)

SP=@.,

DO 44 N=1,3

VI(N)=XD(N)=XS(N)
SP=SP+VI(N)*VI(N)

SP=SORT(SP)

DO 5@ N=1,3
VI(N)=VI(N)/SP
KETURN

END

N2
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SUBROUTINE FEED
PURPOSE

To determine the magnitude of the feed pattern in any given
direction as referred to the refliector coordinate system.

~
FEED AXIS /

/
<

REFLECTOR

Figure 1. Geometry of the feed coordinate system.

METHOD

For a given direction (y,¢) in the reflector coordinate system
the transformation from (¢,¢) to (wa,¢y) in the feed coordinate is
given by

Yy cos‘](sian sinysing + cosyy cosy)

cosysinysing - sinyqcosy
tan'] T T
Y sinycosé

1]

¢

where y = n - 0 and v is the feed tilt angle (in the YZ plane).

Various symmetry options are available to reduce the amount of input
data required for symmetrical feed patterns, as shown in Table 1.
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TABLE 1

| 1SYM| SYMMETRY b LIMITS FOR 4y
0 NO s -m < gy <o
I x- and y-axis [8] or +n-¢ 0 < ¢y 5_%
3 y axis s o _ I r

To find the feed pattern value at (wu,¢ ) is adjusted and is
represented by ¢y according to the symmetry ihdex ISYM. Then the two

PHI cuts op, ¢ of the input feed pattern adjacent to ¢y are determined
by comparison. * The feed pattern values gp and gg are cgﬁculated at
e

the angle y=y_ in the planes ¢ and ¢, respectively, by using either
linear interpolation between sgored vdlues or an analytic pattern func-
tion.

The linear interpolation is performed by calling subroutine LNFD.

The analytic pattern is constructed by

2
C e-A(ﬁg)

sin"(li—) if ISYM < 0 (odd symmetry)

9n 2,

2
%) v,
e 0" cos (?%“

= 0 if ISYM > 0 (even symmetr
9 Tt >0 ( ymmetry)
)
- for ¢ <
W'WL
gn = gn(wL) \ - ——"wL - for ‘PL < P < Z‘J’L
and
9y ° 0 for Zd:L <y
where
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is an empirical cuto,f criterion and N, C, A and y, are input para-
meters to control the feed pattern.

Finally, the magnitude of the feed pattern value 9 at (wa.¢y)
is obtained by interpolating gp and gg as follows:

g¢ = dpg 9p * (1-dpglag

where

_ ¢ '¢Q

{

*q

dPQ =

bp




| FLOW DIAGRAM

FEED (PSI,,PHIP,PSA,PHGAM)
INPUT VARIABLES

PSI (v) Theta coordinate of the observation direction
measured from the negative Z-axis. :
PHIP (6') Phi corrdinate of the observation direction. Q

OUTPUT VARIABLES ;

PSA (v,) Theta coordinate of the observation direction
measured from the feed axis.
PHGAM (¢Y) Phi coordinate of the observation direction

referred to the tilted feed system.

— #

Calculate PSA and PHGAM PSA = PSI
from PSI and PHIP through PHGAM = PHIP
coordinate transformation

Calculate PHIX from
PHGAM according to
ISYM

Find two input PHI cuts PHP
and PHQ adjacent to PHIX

'




[
0

Call subro

utine LNFD

Use linear interpolation
to find feed values in
PHP and PHQ planes?

NO —

Calculate feed value by
constructing analytic pattern

1

Calculate feed value in PHIX
plane by linear interpolation
between PHP and PHQ planes

RETURN
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KEY VARIABLES INPUT/

QUTPUT
FP Input feed pattern data for linear
interpolation (1)
GF (9¢) Feed pattern value at (PSA, PHGAM) (0)
GP (gp) Feed pattern value calculated at PSA in
PHP cut
GQ (gq) Feed pattern value calculated at PSA in
PHQ cut
ISYM Symmetry index for input feed pattern
PHIN Input feed pattern cut angle (1)
PHIX  (¢y) Adjusted PHGAM angle according to ISYM
PHP (op) Upper input PHI cut adjacent to PHIX
PHQ (¢Q) Lower input PHI cut adjacent to PHIX
PSIL (wL) Cutoff criterion for analytic pattern
PSIO (wo) Input parameter to control the feed pattern (1)
7 PSIT (wT) Feed tilt angle (1)
) PX Input feed pattern angle (1)
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CODE LISTING

i SUBHOUTINE ¢ EED(PST, PHIP ,PSA PHGAM)
¢ DIMENSTON PHINCIS) JFPT(15) JFPC15,15) JAEX(15) ,CANC1%),
p JPX1CTS)  PXTIE,15) ,ON(2),FP2(15) ,PX2(15),PSI0(15)
4 COMPLEEX CX,CY
D) LOGICAL LDEBUG,LTEST,LPSL, LDE
o COMMON ZFEN/N2 (PHIN, PX,FP, LDB, MCK, NPHI ,NPW ,AEX (CAN ,PSI0,PSIT
] COMMON /COMP/CX,CY (GF,PHP,PHN, KX ,KY, ISYM,SINT, COST
b COMMON /PIS/P1,iP1 ,DPR
y COMMON /PREV/IFPR PREP, PHEX ,PRES
1" COMMON /1EST/ZLDEBUG, LTEST NTEST
L COMMON /0UT/NW
12 [F (NTESTEOL1) WRITE C'h,8) PSI,PHIP
15 8 FORMAT (//T8,7DEBUGGING SURROUTIME FEED’,/T12,40S] =2,
i4 2E7.25X,2PHIP =2 ,FT7.2,/)
o PHGAM=P} 1P
16 PSA=PSI]
17 IF (PSIT.EG.€.) GO 7C 19
18 PSIR=PSA/DPR
Iy PHIPH=PHIP/DPR
20 SINS=SIN(PSIR)
21 COSS=CUS (PSIR)
22 SINP=SIN(PHIPI)
25 COSP=COS (PHIPK) :
24 PSA=ACOS (STRT*SINS*SINP+COST*COSS) *DPi
25 TEMP=COST*SINS*SINP~SINT*COSS
26 Ir (CABSCTEMP)Y+ABS(CGSP) ) LT.U.0801) TFNP=9, 06C1
27 PHGAM=B1AN2 (TEND ( SINS*COSPI*DPR
28 1@ CONTINUE
29 %5 FOKMAT (3F12.4)
30 IF (ISYN.EQ.IPR. AND. PHGAM. LO.PREP) GO TO 15
31 PHIX=PHCAM
32 IB=IABSCISYM)
i3 IF (1B.LQ.¢) GO TO 15
54 IF (IB.EO.3) 5O TO 12
RO PHIX=ABL (PHIX)
Z6 IF (IB.EQ.2) GO TO 15
2T 12 IF (PHIX.GT.%7.) PHIX=180,-PHIX
o6 It (PHIX.LT.=9. ) PHIX==18@,-PLIX
3% 1%  CONTINUE
4w IF (NTEST.LQ.2.ORJNTEST.EQ.1) VRITE (K¥,18) PHGAM, PSA, PHIX
41 13 FORMAT (/T12,7PHGAM =/ ,+7,2,7 PSA =/ ,F7.2,7 PAIX =4,F7.2)
42 SINPX=SIN(PHIX/DPR)
4 IF (PHIN.GL.PHOLANDLPHIXJLELPHP) GO TO 24
44 DO 20 Np=2 NPT
as IF (PHIX.LL.PHIN(NP)) GO TO 22
¢ 40 2¢  CONTINUL
47 NP=NPHI + |
4y PHIN(NP)=PHIN(1)+360).
ay PSIO(NP) =PS10OC1)
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22

25

21

28

3¢

32

33

39

NQ=NP-1

PHQ=PHIN(NQ)

PHP=PHIN(NP)

I+ (NTEST.EOQ.1) WRITE (NW,25) PHQ,PHP
FORMAT (112,7PHO =2 ,F7.2,5X,7PHP =4,F7.2)
IF (NCK.EQ.2) GO TO 32

DO 28 K=1,N2

PX1(K)=PX(NQ,K)

FP1(K)=FP(NQ,K)

PX2 (K)=PX(MP'K)

FP2(K)=FP(NP ,K)

CONTINUE

IF (NCK.FQ.2) GO TO 32

DPSI=ABS(PSA-PRES)

IF (DPSI.LT.¢.}.AND.PHIX.EQ.PREX) GO TO 39
CALL LNFD(PX1,EP1,PSA,MN2,G0,LDR)

CALL LNFD(PX2,FP2,PSA,N2,GP,LDB)

IF (NTEST.EQ.1) WRITE (6,5) PSA,0,GP

IF (.NOT.LDB) GO TO 39

GQ=10. %% (GO/20.)

GP=10. %% (GP/2. )

GO TO 3%

LPSL=.FALSE.

SLOPE=(J,

PSY=PSA

DO 38 N=1,2

NN=NQ+N- |

IF (ISYK.LT.¢) GO TO 33

IF (NPH.NE.l.OR.CAN(NN).LT.?%..OR.AEX(IN) . LT.3.) G2 TO 33
PSL=SQR: (3./AEX (NN ))*PSIO(NM)
DPSL=PSA=PSL

IF (DPSL.LE.¢.) GO TO 33

PSY=PSL

LPSL=.TKUE.

IF (DPSL.LT.PSL) GO TO 33

GN (N)=01,

GO TO 38

QX=PSY/PSIO(NN)

ARG=(1.5%PI %0 X

ARGE X=AE X ( NN )*QX#*QX

IF (ARGEX.L1.2J.) EXPN=EXP(=ARGEX)

IF (ARGEX.GE.2@.) EXPN=@,

IF (NTEST.EQ.1) WRITE (NW,35) ARG,AEX(NN),CAN(NN),EXPH
FORMAT (/T12,7ARG =7 ,F9.5,5X 2 AEX(N) =7,F9.3,5X, ?CAI' (M) =7
2F9.3,5X, EXPN =7 ,F9.3,/)

IF (ISYM.GE.¢) GO TO 37
GM(N)=CAN(NN)I*EXPN*SIN (ARG ) *#*NPW

GO TO 3u




Yo

Yy
1ol
1)
162
105
w4
luY
166
107
X1
129
(RN
bl
112
M
114

37

38

5Y

5¢

CN(N)=EXFHU*CCS (ARG ) * kNP
GN(N)=(CN(N)+CAN(HN))IZ (1 J+CANI(ENY)
Ir (LPSL) SLOUPE=~GM(N)/PSL
GN(N)=GN(N )+ SLOPEXDPSL

CONTINUE
GO=GHN(1)
GP=GN(2)

DPQO= (PHI X=-PHG) /(PHP=-PHQ)

Gr=GpP*xDPO+CO*( 1=DPN)

IF ((NTESTWEC. 1) OR. CITEST . E0.2))
FORMAT (/T10,2GF =*,F10.4)

PREX=PHI A
PREP=PHGAM
PRES=PSA
[PR=]SYN
RETUKN

END
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FUNCTION FF
PURPOSE
To calculate the element pattern function of a rectangular sub-

aperture with full triangular distribution.

METHOD
2

sin %
FFN) =( ) )
2
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FLOW DIAGRAM

FUNCTION FF(DP)

DP (¢) Argument of the function
FF Calculated function value
YES Is |DP|<0.0001? NO
Calculate function
Set FF=1 value FF

CODE LISTING

X=DpP/2.

GO Tu 12
f;f'=|.

12 RETURN
i'ND

I~ C U DN~

RETURN

FUNCIION FF(DP)
IF CABS(DP).LT.0.0001) GO TO 11

TEMP=SIN(X)/X
FF=TEMP*EMP
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FUNCTION FFCT
PURPOSE

The purpose of this function is to determine the transition
function for the edge and corner diffraction coefficients.
METHOD

The transition function for the edge and corner diffraction coef-

ficients is given by[5):

. .2
FFCT(x) = 2j|/x] ed* [ 3% 4.
[ x|
This can also be written as

FFCT(x) = jmejx[“’-s‘j"'s)' Q‘(@) .’is(@)]

where
. 2
a =) wt
£ e 2 dt=cla) - §S(a).
KEY VARIABLES
CFR Real part of Fresnel integral
DEL Argument of transition function
FFCT Transition function
S Argument of Fresnel integral
SDEL SQRT(ABS(DEL))
SFR Imaginary Jart of Fresnel integral
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CODE LISTING

COMPLEX FUNCTION FFCT(DEL)

DETERMINES THE TRANSITION FUNCTION RESULT FOR
CORNER DIFFRACTED FIELD

COMMON/PIS/P1,TP1,DPR

COMMUN /0OUT/NW

SDEL=SQKT(ABS(DEL))

S=SORT(2./P1)%SDEL

CALL FRNELLS(CFR,SFR,S)

FECT=CMPLX(4.5-CFR,SFR-0.5)

FFCT=6QRT(TP 1) #SDEL*FFCT*CEXP(CMPLX(?, {DEL+P1/2.))
?ETURN

N
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FUNCTION FH

PURPOSE
To calculate the element pattern function of a rectangular sub-
aperture with half triangular distribution.

METHOD

1-ed¢

F(e) = 5=+ 1
" (9" ¢
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L FLOW DIAGRAM

FUNCTION FH(DP)

P (¢) Argument of the function

FH Calculated function value

YES Ts |DP|<0.002" NO

Set FH=0.5+(j(DP)/6) Calculate function
value FH

RETURN

CODE LISTING

COMPLEX FUNCTION FH(DP)
COMPLEX CJ ,CDP,TEMP
C=(day te)

CHP=CJ*DP
IF (ABS(DP).LT.A.0¢2) GO TO 2i
TEMP=(1.=CEXP(CDP) )/ (DP*DP)
FH=TEMP=(1 ./CDP)
GO TO 2z

21 FH2 . 54CDP /6.

22 RETHRN
END

—~ R NN -
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SUBROUTINE FPOL

PURPOSE

To calculate the rectangular vector components of the E-field of
the feed as referred to the reflector coordinate system.

METHOD

The two linear polarization components of the feed pattern of an
arbitrarily criented (in the x-y plane) Huygen's source (crossed elec-
tric and magnetic dipoles [2]) are given by

-
it

x = Cx s+ g¢
fx=cy'¢5'gf

where C_ and C, are polarization parameters expressed as

X Yy
Cx = cos(t) for linearly polarized feed with
polarization angle = «
Cy = sin(1)
or

1
C = —
N §

i for circularly polarized feed -
c, =<
y 2
bs is the phase of excitation as given by
¢g = 1 ISYM > 0 (even symmetry)

-
b = eJ? ISYM = -1
6. = Sing_ ISYM = -2 ¢ (odd symmetry)
S |siny|
_ cosd _

bg TEEEET ISYM = -3

and g¢ is the magnitude of the feed pattern which is calculated by the
subroutine FEED.




The spherical vector components of the feed pattern are obtained

by
i s
an = - cos¢. s1n¢ny
| I
r E¢Y s1n¢fo + cos¢yfy

where 6 and ¢, are the spherical coordinate angles in the feed coordi-
nate system.

The rectangular components are calculated by

i = - ] - i i
Ey coswacos¢yEea sm¢YE¢y
Ei = - COSy.Sin¢ Ei + CoS¢ Ei

y a Y 04 Y ¢y

and
i : i
= - siny E .

EZ siny, 8y ’

The electric field vector is then transformed from the tilted
feed coordinate system to the reflector coordinate system as follows:

i i
Ex = Ex

i i e g
Fy = coszEy sinysE,
E; = sinytEy + cosyrEl
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FLOW DIAGRAM

FPOL (EIX,EIY,EIZ,PSA,PHI)

INPUT VARIABLES

PSA (v,) Theta coordinate of the observing direction
measured from the feed axis.
PHI (¢Y) Phi coordinate of the observing direction

referred to the tilted feed system.
OUTPUT VARIABLES
EIX, EIY, EIZ X,Y,Z components of the electric field of the

feed referred to the reflector coordinate
system,

Does input feed
pattern have even
symmetry? (ISYM>0)

YES NO

Calculate the phase
for feed patterns
with odd symmetry,

Calculate linear
.polarization pattems
FX and Fy.
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Calculate spherical and rectangular
vector components of the E-field
of the feed.

Transform the rectangular components
of the E~field from the tilted feed
coordinate system to reflector coor-
dinate system.

RETURN
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KEY VARIABLES INPUT/
OUTPUT
CX (Cx) Polarization parameter for x-polarized
feed. (1) 3
cYy (Cy) Polarization parameter for y-polarized
feed. (1)
EIP (E; ) PHI component of the electric field in
Y the feed coordinate system.
EIT  {E) ) THETA component of the electric field
a in the reflector coordinate system.
FX (fx) x-polarized feed pattern.
FY (fy) y-polarized feed pattern.
GF (g¢) Feed pattern value calculated by sub-
routine FEED (1)
PHASE  (¢g) Phase of feed pattern

CODE LISTING

SUBROUTINE FPOL(EIX,EIY,EIZ,PSA,PHI)

|
2 COMPLEX CJ,EIX,EIY,EIZ,EIP,EIT,PHASE,FX,FY,CX,CY
< COMPLEX TEMP
4 COMMON /P1S/PI,TPIDPR
) COMMON /COMP/CX,CY,GF,PHP,PHQ,KX,KY,ISYM,SINT,COST
o COMMON/TEST/LLEBUG ,LTEST (NTEST
7 LOGICAL LDEBUG,LTEST
3 CJ=(0e, 1)
Y PSI=PSA
10 IF (NTEST.GT.#) WRITE (6,1) PSI,PHI,SINT,COST
1 i FORMAT (/T1¢,2DEBUGGING FPOL SUBROUTIME’,/T15,4F17.3)
12 IF (ABS(PSI-%0.).LT.d.2001) PSI=89Y.9
15 PSTkR=PSI/DPR
14 PHIR=PHI/DPR
2] SINS=SIN(PSIR)
lo COSS=COS (PSIR)
17 SINP=SIM (PHIR)
18 COSP=CO& (PHIR)
1y PHASE=(1.,0,)
29 IF (ISYM.GF.¢) GO TO 8
21 I[F (ISYM+2) 4,2,0
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22
23
24
25
20
21
2b
2Y
30
31
32
33
34
35
30
Y]
38
34
40
41

42

44
45
40
47
48
49
50
51
52
b5
h4

£

f‘“""""'llllllllllI-----n--n-------w-q‘

2 REL=SINP/AES(SINP) ,
PHASE=REL+CJ*i". {
GO 10 8 )
4 KEL=COSPZABS(COSP) |
PHASE=REL+CJ*01,
GO TV 8 :
6  PHASE=CEXP(CJ*PHIR) '
8  FX=CX*PHASE*GE
FY=CY*PHASEXCF
EIX=(". 0. )
EIY=(0.,0.)
ElZ=(. A )
EIT=(0.,00.)
EIP=(0.,0.)
IF (KX.EQ.¥) GO TC 1
EI T=~COSP*EX
EIP==SINP*xFX
10 IF (KY.EQ.C) GO TO 20
EIT=EIT-SINP*EY
EIP=EIP+COSP*EY
20  CONTINUE
EIX=~COSP*COSS*EIT-SINP*EIP
E]Y=-SINP*COSS*EIT+COSP*EIP
E1Z=-SINS*EI1
IF (SIN1.L1.0G.01) GO TO 25
TEMP=COST*E] Y=-SINT*E1Z
EIZ=SINT*E1Y+COST*E1Z
EIY=TEMP
25 CONTINUE
IF (NTEST.EQ.¥) GO TO 49
WRITE (6,30) PSI,PHI,EIX,EIY,EIZ
H  FORMAT (/T10,”PSA =/ ,F8.2,5X,”PHCAN =4 ,F8.2,/3(T17,2F12.4,/))
49 RETURN
END
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FUNCTION FRNELS
PURPOSE

To compute the Fresnel inteqgral,
Xs . 2

fixg) = [ €372 du = c(xg) - j S(xg).
0

METHOD

The integral is evaluated using an approximation by J. Boersma[8].
The integral

x

-'t
f(x) = [ ,e_i dt
2nt

(=}

is approximated as follows:
. 11 n
g Ly e (7)

. 1 n
-j - 4 . 4
et 2 PINCR NN

(the constants a,, by, c, and d, are provided by Boresma and are defined
in data statements in the subroutine).

for O<x<4 f(x)

[H

for x>4  f(x)

Note that by performing a change of variable, the integral to be
solved becomes of the form of the integral which Boersma solved;

By applying this change of variable, we get

Xg -j T y2 X -jt
flxg) = [ e 2 du=[ & dt
s (f) o v2nt
where x = T x4,
2 s

oo g g




FLOW DIAGRAM

FRNELS (C,S,XS)
INPUT VARIABLES

XS upper limit of integration
OUTPUT VARIABLES

C real part of solution

S imaginary part of the solution

Specify constants A,B,CC,D

Evaluate integral using
appropriate approximation

Return
KEY VARIABLE

A

B Constants used in evaluating integral

cc

D

FI Imaginary component of summation function
FR Real component of summation function
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TISNCU LN~

<l 1Y
32 <v

41 &,

40 Lo

CODE LISTING

SUBKOUTINE FRNELS(C,S,XS)

(R

Ctt! THIS IS THE rHESNEL INTEGRAL SUBROUTINE WHERE THE INTEGRAL IS FROM

Cit! U=v 10 XS, THE INTEGRAND IS EXP(=JxPI/2.%xUxU), AND THE OUTPUT IS
CHIY CUXS)=JxS(XS),
cim

LOGICAL [DELUG,LTEST

COMMON/ZTEST/LDERUG, LTEST ,NTEST

COMMONZPIS/ZPI L TPI PR

COMMON Z0OUL/NR

DIMENSTON ACI2),C12),CCC12) ,DC12)

DALY AZ1.995769140,-0, CVOAN T2 -6 . BABSE 8354 =N, WID5T76361,6.920691
K92 =1 016L98B6LH T =2 (5D 48BH 66 , ~N . 275752419, A. 850663781 ,~ . B25A39A4
&1, =0 I1HU23<0B, e 134404779/

DATA B/=¢. 0G0 33,4 ,255387524, 0, 000092810 =7, 1BAI20400 , =7 . AA952
8UBYS 5. 875161298, =1. 138341947 ,~1,363729124,~7.403349276 ,2,702222%1
80, ~11.210195429 . A1954T70131/

DATE CClZe . 4=, 0024933975, 1. BIVDEI936, 3. PISTTPIS 6,0, PAGABIRY 2 -0, 09
&497!36,”.%!I94RBW9,-M.CP6748373.Z.EVM24642¢,9.M92lﬂ2967,-w.ﬂﬂ12179
834, W. 008233939/

DATA D/Q.196 471140 ,1). 000000123 ,-2. 309351341, 0. CRAI3076,0. 1485146
ARG Ve NN YI3218 .~ e D1 T122914, 5. VDE4067 =) 27925 255 8. 016497308 -
K. 05598515, 0. PAAB 38386/

IF(XS.LE. ) GO 1O 414

X=XS

X = PIex*X/2 .9

FR=¢ .0

Fil=0.2

K=12

[F(X=4.6) 104,40,40

Y=X/4,0

K=K=1

FR=EC(FR®L(K) ) %Y

FI=(FI+L (K))»Y

IFI(K=2) 3¢3,300,29

Fh=Fi+ A1)

rl=sr{+8(1)

C=(FH*COCIX)+FI*SIMN(X)IRSORT(Y)

S=(FR*SIN(X)=FI*COS(X))*SOKT(Y)

GO 10t

Y=4,/X

K=K-1

FR=(FR+CC(K) I*Y

Fl=Crl+l)(r ) )Y

IF(K=2) 60,6¢, ,H)

ruaskR+eCC(1)

Fl=ri+D(1)
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4b C0.H+ (FR*COSOX) +-TRSINOX) )*SORTY)
4% S, 5+ (FRESIN(K)=rF [ *COG(X))I*SOLT(Y)
LY GO Tu i
Ll 404 C==(l i3
e S==1,.1
b o IF (LNOTLTESTY GO TO 2
“»4 FRITE (L¥,3)
by 5 FORMAYT (/.7 TESTING FRNELS SUBKROUTINEZ)
Ho Whl'lic (NW,=) {,5,XS
T2 RETURN
13 END
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SUBROUTINE GEOM
PURPOSE

To approximate the reflector rim by straight segments and to
calculate the unit vectors for each segment. Also the permissible

range for the diffraction angle Bo for each rim segment is determined.

/REFLECTOR RIM

ME +1

]
B x”t
L \ RIMy,
- DL AN 4
PROJECTED RIM
SECTION

Figure 1. Illustration of subdivision of a reflector
rim into straight segments

Figure 2. Unit vectors associated with
the reflector rim.

sttt




SOURCE LOCATION X,

Figure 3. Geometry for determining diffraction
angle range.

METHOD

a). Subdividing the reflector rim into straight segments

To ensure the focus of the parabola lies in the far field of the
reflector rim, the section of the reflector rim between each pair of

input rim points RIMyr and RIMyp4y is subdivided into K straight seg-
ments. The integer QFIS obtained by the formula

¢ DL
k= IntdgmnC * ‘)

where DL is the length of the projected rim section on the aperture
plane and RIML is the approximate length of a straight segment which
is defined in the main program.

The coordinates of the new rim points, as shown in Fig. 1, are calcu-
lated by

X(ME+L,N) = RIM(NE,N) + L x DEL(N)
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where
L=I-1, I=1,2,---~K is the number of segments in rim section NE
DEL(N) is the length of each rim segment and

N=1,2 representing the X and Y components respectively.

The Z coordinate of the rim point ME is given by

( )2 ( )2
X(ME'3) = x ME,] +x "E 2 - Zl

where F is the focal distance and Z' is the coordinate of the vertex
of the parabolic reflector.

b). The unit vectors

The edge unit vectors are found by

- Xyrs-Yug
VME = T ="
| Xmg+1-XME |

The unit normals are determined by considering that the normal vector
of each rim edge is also normal to the parabolic surface for the limit-
ing case. Since the diffraction point is not determined until all the
unit vectors of that edge are found, the normal at the midpoint of an
edge is used to approximate that at the diffraction point. Thus, as
shown in Fig. 2

-~

A .

VN"E = « p sin 5 Z ¢os %
where

P =XC08¢ +y sing

Note that ¢ and ¢ are the spherical coordinates of the midpoint with
respect to the source point Xg and are given by

],/v1uf+v1§§

(-VIM,)

y = tan”




and
VIM
- -1
= tan —Tﬁx
where
Xaura1+Xs
== _ "ME+1 "ME <
VIM = — - XS

The unit binormals are obtained by
A A -

c). The permissible range for the diffraction angle.
The lTaw of diffraction dictates that diffraction from a plate
edge is possible when

COsBy < COSB, < cOsBy

where g, is the angle that the incident and diffracted rays make with
the edge (see Fig. 3). 8y and B, are diffraction angle 1imits and are
defined in terms of their cosine$ as:

YA
cosBy = VI]-V

BO(ME,1).
. . .
BD(ME.Z) = COSBZ = VIz'v s

where

A X, _-X
N e

| Xye-Xs|

A Xwenr¥s
2 |Xpn X

VI




FLOW DIAGRAM

NRIM
RIML
RIM

GEOM(NRIM,RIML ,RIM)
INPUT VARIABLES

Number of input rim points
Maximum length of straight rim segments

Coordinates of input rim points i

(a)

Loop through all input rim points RIM
=1, NRIM - '

Calculate the projected rim length DL

Determine the number K of segments
that the input rim section is to be
subdivided

Divide DL into K equal sections and
calculate the coordinates X of the newJ
rim points on the reflector surface

(b)

Loop through all rim points X
ME=1, MRIM




S e e

J A
Calculate the edge unit vector V, the
vectors from the source point to the

midpoint of the edge VIM, and to the
corner VIC

b e

Calculate the spherical angle coordinates
PSIR and PHIPR of the midpoint XM, then ;
the unit normal vector VN :

Calculate the unit binormal vector VP

(c)

Loop through the rim points X |
ME=1, MRIM ~

Loop through both segments common
to rim point ME, J=1,2 - ‘

i Calculate the bounds on the permissible
range for the diffraction angle by taking
the dot product of unit vectors VIC and V

RETURN




)

KEY VARIABLES

8D
DEL

DL
DSQ

ME

MRIM

NE

NRIM

PHIPR  (¢)

PSIR (v)

RMC
RMM

e (%)

VIC
VIM

VN

VP

INPUT/
OUTPUT

Bounds for diffraction angle (0)

x and y components of the subdivided
segment length

Projected rim segment
Square of DL

Number of straight segments into which
an input rim section is subdivided

Loop index éf subdivided rim points X

Total number of subdivided rim points

Loop index of input rim points RIM

Number of input rim points (1)

PHI coordinate angle of the midpoint XM
with respect to the source point in radians

THETA coordinate angle of the midpoint XM
with respect to the source point in radians

Incident ray path length at the corner (0)

Incident ray path length at the midpoint
XM of a straight edge

Half angle of PSIR
X, Y and Z components of the edge unit vector (0)

Stored X, Y and Z components of the incident
ray vector at the corner for all edges (0)

X, Y and Z components of the incident ray
vector at the midpoint

X, Y and Z components of the unit normal
vector (0)

X, Y and Z components of the unit binormal
vector (0)




XM
20P

(XME) Coordinates of the new rim point ME (0)

Coordinates of the midpoint of edge ME

Z-coordinate of the vertex of the
parabolic reflector (1)

CODE LISTING

OO U AR —

-t
cco

19

SUBROUTINE GEOM(NRIM,RIML,RIM)

DIMENSICON RIM(67,2),VI(3),VIM(67,3),RMM(67) ,DEL(2)
LOGICAL LDEBUG,LTEST

COMMON /GEOM1/X(67,3),V(67,3),MRIM

COMMON /GEOM2/VP(07,3),VN(67,3),BD(67,2) ,VMAG(67) ,RMC(67),

2VIC(67,3) ,XM(67,3)

COMMON /FOCAL/F,Z0P

COMMON /DIM/MDRIM

COMMON /SORINF/XS(3)

COMMON /PIS/P1,TPI,DPR

COMMON /0UT/NW

COMMON /TEST/LDEBUG,LTEST,NTEST

IF (LDEEUG) RRITE (NW,2)

FORMAT (/T5,/DEBUGGING SUBROUTINE GEOMZ,//)

*%%x APPKOXIMATE THE CURVE EDCES BY LINE SEGMENTS #%*

ME=0

DO 22 NE=1,NRIM

NEP=NE+1

IF (NE.EC.NRIM) NEP=I

DSQ=0.

DO 5 N=1,2

XX=RIM(MEP N)=RIM(NE,N)
DSO=DSO+ XX **x2

DL=SORT(DS0O)

K=DL/RIML+ 1

IF (LDELUG) ¥RITE (6,8) NE,DL,RIML,K
FORMAT (/T1¢,4HNE =,12,5X,4HDL =,2F8.2,5X,3HK =,12,7)
DO 18 N=1,2
DEL(N)=(RIM(NEP,N)=RIM(NE,N})/K

DO 20 I=1,K

L=1-1

ME=ME+ |

[+ (ME.GT.MDRIM) GO TO 58
DO 15 N=i,2

X CME,N)=RIM(NE ,N)+L*DEL(N)
X(ME,2)=(X (ME, | ) *#%x24 X(ME ,2 )% %2 )/ (4 ,*F) -Z0P
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18
20
22

ct1

3 2%

28

S0

coaw

IF (LDEbUG) WRITE (6,18) ME,(X(ME,N) /,N=1,3)
FORMAT (115,5F10.3)

CONTINUE

CONTINUE

MRIM=ME

DETERMINATION OF EDGE UNIT VECTORS

MEX=MRI M

DO 38 ME=1,MEX

MME=ME+ |

IF(MME.CT.MEX) MME=1

VM=0.

VMM=0,

VMC=0.

DO 25 N=1,3

VIME ,N)=X{ MME,N) =X (ME,N)
XMOME,N)=(X( KME ,N)+X (ME,11))/2.
VIM(ME, N)=XM(ME, N)=XS(N)
VIC(ME,N)=X(ME ,N)=XS(N)
VMM=VMM+ VI M (HE N)*VIH(UHE N)
VMC=VMC+VIC (M N )*XVIC(HE N)
VM=VM+V (ME ,N)*V (ME M)

VMAG (ME) =SQRT( VM)

RMM (ME )=SQRT (VM)

RMC ( ME)=SQRT (VIC)

FORMAT (T1¢,2F12.4)

IF (LDEBUG) WRITE (NW,303) ME
FORMAT (/T8,4HME =,12,4X,3HVIM,TX, 3HVIC, /)
DO 32 N=1,3

VIM(ME (N)=VIN(ME \N)/RMA(ME)

IF (LDEFUG) WRITE (NV;,28) VIM(ME,N),VIC(ME,N)
VIME ,N)=V (ME N)/ZVMAG(ME)

*kkkk CALCULATE THE MORMAL VECTOKS OF THE ENGES %%+

PSIR=BTAN2(SOKT(VIM(ME, | )**2+VIM(ME,2) %%2) ,~=VI ¥(ME ,2))
PHIPR=BTAN2 (VIM(ME,2),VI¥(ME,1))
PSI=PSIk*DPR

PHIP=PHI PR*DPR

SINPP=SIN(PHIPK)
COSPP=COS(PHIPK)

THNR=PSIR/2.

SINR=SINCTHNR)

COSR=COS (THNR)
VN(ME, 1) ==SINR*COSHD
VN(ME, 2 ) ==SIMR*S TN PP
VN(ME,3)=COSk

VNM=#,

DO 34 N=1, 3
VNIA=VNM+ VN (ME, 2 VI (ML M)
VNM=50KT (VW)
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v3 DO 35 N=1,3

Yo 1Y VN(ME, M)=VN( M B /v

¥y C

Yo C11r DETERMIMATIOL OF UMIT VECITOR FOR HAY FIXED COORDIMATE SYSTEM
YT C

125" VP (ME, 1)=VNIMLE (2 )%V (ME (3)=VIT(ME, 2)*V (NE, 2)

Sy VP (MEG2)=VHME J2)RV(ME, D) =VNCIE, 1%V (ME, 3)

(A VP (ME, 3)=SVEN(ME,, T)*RVNE,2)=VII(ME 2)Y %V (T, 1)

lv It (LDEBUG)Y KRITE(NN,30) (VIFEMI G VHCIL (L) JVPIME D,
162 2N=1,3)

> 5o FORMAT (T113,3F12.4)

o4 It (LDEEUG) WKRITE (NW,37) RMMOME) ,RMCONME)

16 57 FORMAT (/T10,H5HRMM =,F7.3,5X,5HRI'C =,FT7.3,7)
g6 38 CONTINUE

1wy C

g CHeY DETERMINATION OF PERMISSARLE QANGE FOk DIFFRACTICH ANGLE
19y C

iy DO 4% ME=} (MEX

i VME=4,

2 DO 44 N=1,3

3 VI(N)=X(ME,N)=XS(N)
4 ay VME=VME+VI (N)*V] (N)
5
¢

RME=SQRT (VME)

DO 41 J=1,2
i MJI=ME+1=J
8 IF(MIEG.0) MJI=MEX
Y BD(MJI, J) =0,

126 DO 41 M=1,3

121 4] BOCMI 4 JI=ED(MI (J)+VIMI NIXV] (N)/RME
le2 4% CONTINUE

123 RETURN
124 50 MRIM=ME
129 RETURN

1206 END




SUBROUTINE GRID
PURPOSE

To set up a rotated coordinate system such that the aperture
integration for far field results can be carried out efficiently. This
subroutine is also used to set up the principal grid which is used for

aperture field calculations and aperture integration for near field
results.

Y\f¢/ Y
Py

I‘Ic I

Figure 1. Rotated grid.
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» X
x

Figure 2. Coordinate transformation from principal
rectangular grid to rotated grid.

METHOD

The rotating grid method sets up a nonorthogonal rotating grid
as shown in Fig. 1 by rotating the principal Y-axis with ¢ such that
the y-integrations are independent of 6. Consequently, the far field
pattern in the plane perpendicular to the y-axis is reduced to a one-
dimensional integration.

The coordinate transformation from the principal rectangular
grid (X,Y) to the rotated grid is shown in Fig. 2 and is given by

X X +Y tan¢

and

y = Y/cosé.

The rotated grid sizes are expressed by

dx = DX

Note that the rotated grid size d, becomes quite large if the
rotated angle is close to 90°. This may affect the accuracy of the
result. Consequently, the rotated angle is restricted to be not
greater than 45°, Thus, for PHI cuts in the interval (45°,135°), the

x-axis is effectively rotated instead of the y-axis. This is done
indirectly in the code by transforming rim points such that the x- and
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y-courdinates of the rim points are interchanged and the indices are
adjusted to stay in a counterclockwise order. Then the new y-axis

is rotated by an angle 90°-¢ which is less than 45°. For PHI cuts in
the other quadrants, a similar procedure is followed. To implement the
interchange, two integer parameters related to the quadrants are used.
These parameters are defined as

Kquap = Integ. (4,+45°)/90°

and

LQUAD = Integ. KWAD/Z

wherg ¢, is the positive angle expression for ¢, i.e., 0<¢,<360°. Then
the interchange parameter, given by -

K
CHG = (-1) QUAD

is defined in such a way that a rim point transformation takes place

when CHG<0. Note that the rotated grid sizes are also interchanged
when CHG<0, i.e.,

dx‘-’DY

dy = Dy/cos¢
Values assigned to KQUAD and CHG are shown in Fig. 3.

In order to maintain the correct aperture distribution over the
transformed antenna aperture, the array of the aperture fields is
transposed at the same time as an interchange of the x- and y-coordi-
nates of the rim points.

Note that the parameter LQUA? is used to correct the sign of the
phase path of the x-integration. The phase variable associated with
LQUAD is given by

L
PG = kd, |cos¢](-1) QUAD

In setting up the rotated grid the coordinates of each rim point
P, are first transformed to rotated grid coordinates (xy,yy). Then
the reflector rim is separated into upper and lower rim sections by
finding the rim points where x is minimum and maximum, respectively.
Furthermore, the "vertical" grid lines of the rotated grid system are
numbered from I=1 to I, ., as shown in Fig. 1. The index of the origin
(IC) is also calculated For future use in the main program.
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Kquap™!
(CHG=-1)

Kquap=0 g i
(CHG=+1) X i

Kquap=4

Kquap=2
(CHG=+1)

Figure 3. Quadrants for interchange parameters.




FLOW DIAGRAM

GRID(PHI,IC, IMAX)
INPUT VARIABLES

PHI (¢) Rotation angle
OUTPUT VARIABLES

IC Index of the "vertical" gridline passing
through the origin

IMAX Index of the rightmost "vertical" gridline
inside the aperture

Express PHI as a positive angle
and calculate parameters
KQUAD, LQUAD and CHG

1

Adjust PHI such that rotation
is never qreater than 45°
|

NO YES

Interchange
rim points

J

Is the curren
change narameter same
as the previous one?
(PCHG=CHG?)

YES NO

Transpose aperture
field array EA

— ]

-

152

— TOPESE SR PR sl btie St BDRWEET  T T e




Calculate phase variable PG

Transform the rectangular grid coordinate
system to the rotating grid system

Find the indices of the leftmost
and rightmost rim points MIN
and MAX, respectively

Separate rim points into upper
and lower rim sections

Find the maximum and minimum
coordinates of the rim points

XMIN, XMAX, YMIN and YMAX

Calculate the grid index of the
origin IC and that of the
rightmost rim point IMAX




KEY VARIABLES INPUT/

OuTPUT

CHG Interchange parameter
CLRIM Coordinates of lower rim points
CURIM Coordinates of upper rim points
EA Aperture Field Array (1)
GRDX  (d,) Rotated horizontal grid size (0)
GRDY (dy) Rotated "vertical" grid size (0)
GRIDX (Dy) Principal horizontal grid size (1)
GRIDY (Dy) Principal vertical grid size (1)
IC Grid index of the origin
IMAX Maximum grid indes of "vertical" grid lines

after rotation
KQUAD Integer parameter to determine if an inter-

change of x- and y-coordinate of rim points

is required
LQUAD Integer parameter to specify the sign of the

phase argument for x-integration
MAX Index of the rim point with maximum x-coordinate
MIN Index of the rim point with minimum x-coordinate
NLRIM Number of lower rim points
NRIM Number of input rim points
NURIM Number of upper rim points
PCHG Previous value of CHG
PG Variable used for phase argument (0)
POS  (¢,) Positive angle representation for PHI
RIM Coordinates of input rim points (I)
XMAX Maximum x~coordinate of all rotated rim

points (0)
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o XMIN Minimum x-coordinate of all rotated rim

points (0)
YMAX Maximum y-coordinates of all rotated rim

points (0)
YMIN Minimum y-coordinates of all rotated rim

points (0)

CODE LISTING

I SUBROUTINE GRID(PHI, IC,IMAX)
2 DIMENSION RIM(67,2),CP(67,2) ,CLRIM(67,2) ,CURIM(67,2) MIN(2),MAX(2
)
3 COMPLEX CJ,DUMMY,EA(2,5%,57)
4 LOGICAL LDEBUG,LTEST
) COMMON /GRID1/GRIDX,GRIDY, EA
o COMMON /GRID2/CJ ,CLRIM,CURIM ,RIM,PG, XMIN,XMAX, YMIN ,YMAX,
y 2NLRIM, NURIM, GRDX ,GRIY, ACOSP, TANP, PCHG, MAXO ,NRIM
8 COMMON /TEST/LDEBUG, LTEST,NTEST
Y COMMON /PIS/PI,TPI,DPR
1% COMMON /OUT/NW
1 DATA DEL/#.01/
12 IF (LTEST) WRITE (NW,3)
15 3 FORMAT (/T5,’TESTING SUBROUTINE GRID’,//)
14 DO | K=1i,NRIM
15 CP(K, 1)=RIM(K, 1)
lo CP(K,2)=RIM(K,2)
171 CONTIHUE
18 GRDX=GRIDX
iy GKDY=GRIDY
20 SIGN=1.
21 POS=PHI
22 1¥ (PHI.GE.#.) GO TO 2
25 SIGN=-1,
24 POS=PHI+360.
25 2 KQUAD=(POS+45.)/90.
26 LQUAD=KQUAN/2
27 CHG=(=1.)**KQUAD
28 IF (CHG.GT.®.) GO TO 6
2y DO 4 K=1,NRIM
30 KP=NRI M+ 1=K
31 CP(K, | )=RIM(KP,2)
32 CP(K,2)=RIM(KP,1)
i3 4  CONTINUE
34 TEMG=GRDY
25 GRDY=GRDX
30 GRDX=TEMG
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30
=8
59y
44

44
by

1%
b

54

11%]
il
12

18
7)

29

21

22

24

25

IF (PHI.GT.184.) PHI=PHI-360.
PHI=SIGN*( 99 .~ABS(PHI))

IF (PCHGACHG.GT.#.) GO TO 12
MI=MAXO~1

DO 11 NI=1,2

DO 19 K=1,MT

IT=K+1

DO 18 JT=1,K

DUMMY=EA (NI ,JT,I1T)
EA(NIJTIT)=EA(NI,IT,JT)
EA(NI,I1,JT)=DUMMY

CONTINUE

CONTINUE

PHIKR=PHI/ZDPR

ACOSP=ABS(COS(PHIR))
TANP=TAN (PHI k)

GKDY=GRDY/ACOSP

PG=2 AP *ABS(ACOSP )XGRDX#*( =1 )*+LOUAD
PCHG=CHG

I¥ (LTEST) WRITE (NW,18) GRDX,GRDY
FORMAT (TI¢, THGRDX = ,F5.2,5X, 7THGRDY = ,F5.2,” WAVELENGTHS”,

* COORDINATE TRANSFORMATION =

DO 200 K=1,NRIM

CP(K, 1)=CP(K,1)+CP(K,2 )XTANP
CP(K,2)=CP(K,2)/ACOSP
CONTINUE
CP(NKIM#1,1)=CP(1,1)
CPINRIM+1,2)=CP(1,2)
CPOMRIM+2, 1)=CP(2,1)
CP(NKIM+2,2)=CP(2,2)

=

MN=¢

IN=|

ND=NRIM

IF (CP(2,1).NE.CP(1,1)) GO TO 21
IN=2

ND=NRI M+1

DO 25 I=IN,ND
DX1=CP(1+1,1)=CP(1,1)
DX2=CP (142 ,1)=-CP(I+1,1)

IF (ABS(DX1).LT.®.A1,0R, ABS(DX2).LT.2.01) GO TO 22
I (DX1*DX2.GT.A.) GO TO 25
1+ (DX1.GT.DX2) GO TO 24
MN=MN+1

MINCMN) =]+ 1

GO TO 25

MX=MX+)

MAX(MX)=]+1]

CONTINUE
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Y0

S0

40

5¢

2F19.3,5X,6HYMAX =,Fi@.3,/)

*FIND UPPER AND LONER RIM POINT SETS*

IF (MN .EQ. 1) MIN(2)=MIN(1)

IF (MX JEQ. 1) MAX(2)=MAX(1)

NLRIM=MAX( 1)=MIN(2)+1

IF (NLRIM .LE. @) NLRIM=NLRIM+NRIM

NURIM =NINC1)=-MAX(2)+I

IF (NURIM .LE. @) NURIM=NURIM+NRIM

DO 3¢» K=1,NLRIM

I=MIN(2)+K~1

IF (I .GT. NRIM) I=I~-NRIM

CLRIM(K, 1)=CP(I,1)

CLRIM(K,2)=CP(I,2)

CONTINUE

DO 32 K=1,NURIM

I=MINC1)=K+1

IF (I .LE. ) I=I+NRIM

CURIM(K, 1)=CP(I, 1)

CURIM(K,2)=CP(I,2)

CONTINUE

IF (.NOT.LTEST) GO TO 38

WRITE (MW, 35)

FORMAT (//T10,/LONER RIM POINT COORDINATES’,//)
WRITE (NW,33) (K,(CLRIM(K,I),I=1,2),K=1,NLRIM)
WRITE (NW,37)

FORMAT (//T10,7UPPER RIM POINT COORDINATES’,//)
WRITE (NW,33) (K,(CURIM(K,I),I=1,2),K=1,NURIM)
FORMAT (20(T14,15,2F10.2,7))

CONT INUE

GRSQ=GRDX*GRDY

YMIN=CLKIM(1,2)

YMAX=CURIM(1,2)

N1=NLRIN=1

DO 44 K=1,NI

YLKP=CLKIM(K+1,2)

YUKP=CUKIM(K+1,2)

IF (YUKP.GT.YMAX) YMAX=YUKP

IF (YLKP.LT.YMIN) YMIN=YLKP

CONTINUE 1
XMIN=CLKIM(1y1)
XMAX=CLKIM(NLRIM,1)
FI1C=~XMIN/GRDX+DEL

IC=FIC+I

IF (FIC.L.T.-1.) IC=]IC-]
FI=XMAX/GRDX+DEL
IMAX=rI+IC

IF (LLTEST) WRITE (NW,53) XMIN,XMAX,YMIN, YMAX
FORMAT (TS ,6HXMIN =,F1¢, 3,5X,6HXMAX =,F10.3,/T5,6HYMIN =,

RETURN
END
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SUBROUTINE GTD
PURPOSE

To use the Geometrical Theory of Diffraction (GTD) to calculate
the edge, corner and slope diffraction fields in the wide angle side-
$ lobe and backlobe regions for the reflector antenna patterns. For near
field calculations, GTD is sometimes used for the whole region including
the near axis region if the near field points are close to the aperture.

METHOD

This subroutine calculates and sums the diffracted field contri-
bution for each rim segment. If the contribution for a rim segment is
expected to be negligible, the subroutine skips te the next rim segment
wi thout further calculation. The subroutine uses BDLOW and BDHI for
this test as discussed below. To determine if the diffraction from rin
segment ME is significant, the cosine of the diffracted cone angle g
is calculated by taking the dot product of the edge unit V and the dif-
fracted ray unit vector d, and then is compared with the upper and lower
bounds BDHI and BDLOW, respectively, of the diffracted angle. The dif-
fraction contribution from rim segment ME is added only if

BDLOW < DV < BDHI

where
DV = d-V = coss
(
BD(ME,1) if edge diffraction only
BDLOW = ¢
BD(ME,1)-0.5 if corner diffraction included
(
BD(ME,?) if edge diffraction only
BDOHI = |
BD(ME,2)+0.5 if corner diffraction included

and BD is defined and calculated in subroutine GEOM,
Note that for the near field, the unit vector d is approximated for this

purpose by taking the midpoint Xy of the edge instead of the diffraction
point Xp which is calculated next.
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. If the contribution from the rim segment is significant, the
coordinates of the diffraction point Xp are computed by calling sub-
routine DFPTWD. The diffracted ray unit vector d@ for near field is
recalculated by using the actual diffraction point Xp as

B where Xy is the near field point.

If the diffraction point lies on the rim segment as shown in Fig. la
(LDIF=true), both edge diffraction and corner diffraction are included
and the incident vector VI is calculated to the diffraction point Xp.
If the diffraction point does not lie on the rim segment as shown in
Fig. 1b (LDIF=false), there arg only contributions from corner diffrac-
tion and the incident vector VI is calculated to the nearest corner.

The incident and djffraction angles are calculated by using the
orthogonal unit vectors V, VN and Vb of the rim segment ME. These unit
vectors are computed and stored by subroutine GEOM. The incident and
diffracted PHI angles™ are given by

A
¢' = tan! (LV:I—-VKN-\

-VI-vp/

and

~ A
¢ = tan”! ﬁ.VN)
3-vb

Note that the diffracted field from one rim segment is shadowed by the
reflector over a certain range of 6 as shown in Fig. 2. The subroutine
will skip to the next rim segment if o falls in this range, i.e., if

$>0 and 6>6p

e — e e e a e
—

g l where og is the diffracted shadow boundary angle calculated in sub-
Lo routine SBDY.

‘- *Note that ¢ and ¢' are used in this section for the wedge diffraction
angles as shown in Fig. 3a. They should not be confused with the phi
coordinate angles PHI and PHIP which represent the field point and

. the feed observation directions, respectively.
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ME
(a)

a) Diffraction point inside the edge (edge
diffraction + corner diffraction).

(b)

b) Diffraction point outside the edge:
(corner diffraction only).

Figure 1. Geometry for edge and corner diffracted fields.
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REFLECTOR SURFACE

Y.

)

I 6
/
t'\"
\
\\I
\¥;

SEGMENT ME

Figure 2. Geometry for diffracted shadow boundary
for rim segment ME.

. If 6 is outside this shadow region, the unit vectors 3', $, 66
and g, of the ray fixed coordinate system are calculated. These unit
vectors are defined by

~

A A
-VP sin¢' + VN cos¢'

$' =
~ A A
¢ = - VP sing + VN cos¢
Al_“l AI
Bo = ¢ X v
and
Bo = ¢ X d

as illustrated in Fig. 3.
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REFLECTOR

VI
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¢ / SURFACE

VP

(a)
A A
d Vv

>

(o)

REFLECTOR

RIM

(b)
Figure 3a,b. Geometry for three dimensionral
diffraction of a half plane.

To determine the incident field at the diffraction point Xp, the
spherical coordinate angles PSI and PHIP corresponding to the feed pat-
tern direction are calculated. Then the feed pattern value incident on
the diffraction point is calculated by calling the subroutine FEED.

The rectangular components E}, E) and E} of the feed pattern are then

calculated in the subroutine FPOL. These are then transformed to per-
pendicular and parallel components El and E) in the ray fixed coordi-

nate system.
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] For slopg diffraction the slope of the incident field at the
diffraction point Xp is used. The slope of the incident field is
ca]cglated from two adjacent values of the feed pattern. The per-
pendicular and parallel components of the slope of the incident field

i i
REllan and 3Ey;/an are calculated in the same way as for the incident
Tield by using the subroutine FPQL.

The distance parameters L and the spread factors A(S) of the dif-
fracted fields are given below.

For far field
_ el e3nl
L =S'sin 80

and

A(S) = /ST

For near field

L= 85 sin%s,
and
where

B, = sin~1|dxV| is the half diffracted cone angle (see Fig. 3b)
and

S' and S are the distances from the diffraction point to the
source point and the field point respectively.

For corner diffraction as shown in Fig. 4, the spread factor An(S) = %—
has the form of a spherical wave, since the corner is treated as a S
point source to radiate the corner diffracted field. The distance

parameter is given by
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RECEIVER
NLOCATION

Figure 4. Geometry for corner diffraction problem
for near field.

Le = SC for far field
_ X3 field
Le = Sc+Ss for near fie

where S¢ and Sg are the distances from the corner to the source point
and the field point, respectively.

The corner diffracted field also depends on the corner angles
B. and 8, (see Fig. 4) as defined by
_]AA
8. = cos™ [V-VI¢|

and

cos"|a-9| for far field

-1 S ’ . for near field
S

Cos
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where VI . is the incident ray unit vector at the corner Xyg, and is
calculatéd in subroutine GEOM.

Two variables which are used in calculating the corner diffraction
coefficients are defined by

DEL(I) = k L, a(B4c*8.)

and
-j T
singce -3k(S,-S")
CORN(I) s - ZI(COSBOC‘-'COSBCT FlkLca(Boc+Bc)| ‘E e
e-jkss
Ss

where I=1,2 representing the first and second corners of the edge ME,
respectively.

Next the subroutine DCHP is called to calculate the edge diffrac-
tion coefficients D¢,Dy;: the slope diffraction coefficients aDg/3¢,
aDp/3¢; the corner diffraction coefficients Bg, B, and the slope corner
diffraction coefficients 3Bg/3¢’, 3By/3¢".

Thu the dittracted tield is given by

d i
E D .E .
ed DE',

the slope diffracted field by

. aDg 3}
o 9" an A(S) ik
. ; 8) Jhv
. 8Dn aEl P

the corner diffracted field by
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i
ES [_ BgEy

X -

i
ES j BRE]

and the slope corner diffracted field by

( ‘.\
2B, 9E)
sc s "
Ey 26 an $

hl—‘

) ﬁ 3B, oE}
37 on

{ )

where Co= jkS'sing, and y is the phase factor which refers the contri-
bution grom each rim segment to the origin. The total diffracted field
for segment ME is summed in terms of perpendicular and parallel compon-
ents for that segment as expressed by

SC
El

D - S (ECHESC C;gSC
20 = ELESH(ETHE)  H(ETHE ME+)
The diffracted field from segment ME is then transformed to rectangular

components in the reflector coordinate system so that the total dif-
fracted field from the reflector rim can be summed.

For near field calculations, the geometrical optics reflected field
must also be included in the total field if the observation point is
inside the projected aperture. The reflected field is calculated by

using interpolation between the aperture field values at the adjacent
grid points (see Fig. 5) as given by

R . AR ax
E -[Ea M,N ( . ) + E2(M+1,N)
(M.N) b, ~ D, D,
+ E3(M,N+1) %‘L] eJkz
y

where z is the distance from the observation point to the aperture plane.

If the field point is in the spillover region, the feed spillover
field is calculated and added to the total field.

Finally, for far field calculations or for near field calcula-
tion with constant range, the total field is converted to principal
and cross polarized components as referred to the polarization of the
field components from a Huygen's source. Fcr near field calculations
with constant z, the field is still expressed in rectangular components.
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Figure 5. Interpolation of aperture field.
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e amiis o il A

FLOW DIAGRAM

GTD(P31,NGTD, NAI,DP3)

INPUT VARIABLES
LX)

Initial field point coordinate for GTD

calculation
NGTD Number of field points using GTD
NAI Number of field points using Al
DP3 Field point coordinate increment
Initialize data
Loop through field points
for GTD calculation
NM=1, NGTD
NO Near field YES
Calculation
(LNF)?
FF NF

Express near field point XN
in x,y,z components for

either canstant range or !
constant z computation i

‘alculate spherical coordinates
for near field point XN




|
|
l
|
l
I
l
[
{
[
l
[
[
L
[

g

Calculate diffracted ray
unit vector D used for
far field

Loop through all rim segments

)

ME=al, MRIM

NO YES

FF

WF?

NF

Calculate the diffracted
ray unit vector D from
the segment midpoint XM

-

|

Calculate the dot product DV,
of Dand V

Set the diffraction angle limits
BDLOW and BDHI

Does diffraction exist
(BOLOW<DV<BOHI)

YES
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YES

Calculate coordinates of the diffraction
point XD by calling subroutine DFPTWD

NO . LNF? YES

~_— .

FF

Calculate the diffraction
ray unit vector D from

the diffraction point XD
and the cosine of the half
cone angle Bo

i

L

Calculate the distance VMG from
the corner ME to the diffraction
point XD

YES
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[ &
Calculate the Calculate the
incident ray incident ray
unit vector VI unit vector VI
at corner ME at corner ME+] ;
13
Set edge diffraction Set edge diffraction
logical variable logical variable
LDIF to false LDIF to false

Calculate diffraction angles
PSO and PS

Is diffracted field blocked
by the reflector?

Compute diffraction polarization unit
vectors PHO, PH, BOP and BO

Loop through feed values K=1, KP
(KP=2 if slope diffraction
included otherwise KP=1)

Calculate the feed pattern angles
PSI and PHIP

m




!!!:.--.......!......-'..l..".-.!-'....'.l.-..l-'-l-Uliﬂﬂii-u-nqm‘!

I

Call subroutine FEED to calculate
feed pattern value GFP(K)

Call subroutine FPOL and
calculate incident field
EIPL and EIPR

L Call subroutine FPOL and use

- two adjacent feed values to
calculate the slope incident
field EIPLP and EIPRP (if LSLO?EJ

Calculate
SBO=sing,, #
NO YES
Calculate spread Calculate spread
factor AS, distance factor AS, distance
parameter TPP and parameter TPP and
phase factor GAM phase factor GAM

NO

s corner diffraction
required (LCORNR)?
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YES

Loop through both corners i
1=1,2

]

Calculate incident angle BETC
and diffracted angle BETOC
at the corner

Calculate spread factor ASC,
distance parameter RLC and
the phase path difference ZP

for far field '

Calculate field point distance

SS from the corner, spread factor
ASC, distance parameter RLC and
diffracted angle BETOC for negar
field

Calculate variables DEL, CORN
for corner diffraction

Calculate diffraction coefficients
by calling subroutine DCHP

Is LDIF true?

NO
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.
E T i T T

- e apeen =1 =

Calculate edge diffracted
fields EDPR and EDPL

- e mm—

23 o T v o g

Calculate and add slope
diffraction fields

Is LCORNR true? NO

Calculate corner diffracted
fields ECPR and ECPL v

Calculate and add slope
corner diffracted fields
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Sum up edge diffracted fields
and corner diffracted fields

Convert diffracted field from segment
ME to rectangular components and add

to total diffracted field

Is field point X
inside the reflected
shadow boundary?

LNA NO

@

Calculate and add
reflected field ER
from reflector to
diffracted field

Call subroutine SBDY
to calculate shadow

boundary

175

Calculate spherical
components EDP and
EDT

|

If far field angle is
in spillover region,
calculate and add
feed spillover field




spillover field

If XN in spillover
region, calculate
and add feed

NO

YES

EDT

Calculate spherical
components EDP and

!

Express rectangular field
components in dB and phase
by calling subroutine
DBPHS and output data

Convert EDb, EDT to
principal and cross
polarized components

Express principal and cross
polarized components in DB
and phase by calling sub-
routine DBPHS and output data

)

RETURN
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KEY VARIABLES

AS
ASC
8D

BDEL

BDHI

BDLOW

BETC
BETOC
BO

BOP

CBOC

CORN

cp
CPH
CPHO

DEL
DLVI

DMAG

(A(s))
(Ac(S))

(8¢)
(Boc)
(Bg)

(Cp)
(cose)
(cose')

Spread factor for diffracted field
Spr2ad factor for corner diffracted field

Bounds of the permissible range for
diffraction angle

Adjustment to the bounds for corner
diffraction

Upper bound for diffraction angle after
adjusted

Lower bound for diffraction angle after
adjusted

Incident angle at the corner

Diffraction angle at the corner
Rectangular components of the unit vector
in the direction of increasing diffraction
cone angle B

Rectangular components of the unit vector
in the direction of increasing incident
angle 8,

Cosine of angle BETC

Variable used for calculating the corner
diffraction coefficients

Variable used for slope diffraction
Cosine of diffraction angle PS
Cosine of incident angle PSO

Rectangular components of the unit
diffracted ray vector

Variables used for corner diffraction

Increment of the incident ray vector VI
along the normal vector VN

Diffracted ray path length for near field
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e

Dv
EA
ECPL

ECPR

ED

EDP

EDPL
EDPR

EDT

EDX
EDY
EDZ
ERX
ERY
EXPH

GAM
GF

GFP

KP

(€2)
(ES)

(ES)

{39)
(e9)

(v)
(gf)

Dot product of the unit vectors D and V
x and y components of the aperture fields

Paraliel component of the corner diffracted

" field

Perpendicular component of the corner
diffracted field

Rectangular components of the total dif-
fracted field from the segment ME.

PHI component of the total diffracted field
from all the segments. Also used for cross
polarization component

Parallel component of the diffracted field

Perpendicular component of the diffracted
field

Theta component of the total diffracted
field from all the segments. Also used for
principal polarization component

x component of the total diffracted field
y component of the total diffracted field

z component of the total diffracted field

x component of the reflected field

y component of the reflected field

Phase term associated with the diffracted
field

Phase factor for diffracted field

Feed pattern value calculated in subroutine
FEED

Feed pattern values used for incident field
and its slope

Loop index for calculating the incident
feed value and its slope
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(0)

(0)
(0)
(0)
(0)

(1)




LCORNR
LDIF
LNF

LRANG

LSLOPE
P2,P3
PH

(¢)

(¢.)

(¢')

(¢)
(v,)

(v)

(¢')
(o)

(L)

Logical variable for corner diffraction (1)
Logical variable for edge diffraction (1)
Logical variable for near field calcu-

lation (1)
Logical variable for constant range field
calculation (1)
Logical variable for slope diffraction (1)
Field point coordinates (see User's Manual) (1)

Rectangular components of the unit vector
of the direction of increasing diffraction
angle PS

Phase term associated with the feed spillover
field

PHI coordinate of the field point referred
to the tilted feed system ,

PHI coordinate of the field point

PHI coordinate of the feed observation
direction as referred to the source XS

Rectangular components of the unit vector
in the direction of increasing incident
PHI angle PSO

Wedge diffraction angle (see Fig. 3a)

Theta coordinate of the observation direction
measured from the feed axis

Theta coordinate of the feed observation
direction measured from the negative z-axis
of the reflector

Incidence angle for wedge diffraction (see Fig. 3a)

Radial coordinate of the near field point XN

Radii to the reflected shadow boundaries
calculated in subroutine SBDY (1)

Distance parameter for corner diffraction
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RR

SBO
SC
SP

SPH
SPHO
SS

TERM
THEB

THETA
TPP

VI

VIC

VMAG
VMG

VN

VP

X1

(R)
(s)

(singy)
(s¢)
(s')

(sing)
(sing')
(sg)

(VN)

(VP)

Range to the field point from the origin

Distance from the diffraction point XD to
the near field point XN

Sine of the diffracted cone half angle
Incident ray path length to the corner

Incident ray path length to the diffraction
point XD .

Sine of diffraction angle PS
Sine of incident angle PSO

Diffracted ray path length from the corner
to the near field point

Temporary variable for corner diffraction

Theta coordinate of diffraction shadow
boundary to ppposite side of reflector rim

Theta coordinate of the field point
Distance parameter for edge diffraction

Rectangular components of the edge unit
vector of segment ME

Rectangular components of the incident ray
unit vector to the diffraction point

Rectangular components of the incident
ray unit vector to the corner

Segment length

Distance from the first corner to the
diffraction point XD

Rectangular components of the unit normal
vector of the segment ME

Rectangular components of the unit binormal
vector of the segment ME

X component of the direct incident wxay path
for near field
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(1)

(1)

(1)

(1

(1)




Y component of the direct incident ray path
for near field

X3 Z component of the direct incident ray path
for near field

XD Rectangular coordinates of the diffraction
point
XN Rectangular components of the near field

point coordinates

X00 Origin of the near field plane cut (1)

CODE LISTING

] SUBKOUTINE GTD(P3I ,NGTD,NTHE,DP3)
2 ctil
3 K!!! DETEKMINES THE DIFFRACTED FIELD,WITH PHASE REFERREDN TO ORIGI
4 C!!!Y  FIELD DIFF. FROM EDGE #ME
D Cizi CORNEK DIFF. IS OPTIONAL FROM INPUT DATA.
o Cch
1 COMPLEX EA(2,5¢4,54),ERX, ERY,PHER RFCT
Y COMPLEX CJ,D&,DH,DPS,DPI,3S, BH,BPS,RP!!
Y COMPLEX EFEG,EDPKEDPLL,ED(3),IMT,EDX, EDY,ENZ, ENT, ENP
1) COMPLEX EIPRP,EIPLP EIX,EIY,EIZ, EIT,EIP,CORN(2), FFCT
I COMPLEX EIPL,EIPR,ECPL,ECPE,FXPH,CP,CX,CY,PHEI
12 DIMENSION RHOS(2),GFP(2) DEL(2)
15 DIMENSICN VI(3), XK(3),X1}(3),PHC(3) ,PH(3) R0P(3),00(2),VIP(3)
14 LOGICAL LSLOPL,LCORNR,LNDIF ,LDEFUG,LTFST, LNF,L0RANG
5 LOGICAL LFEED,LOUT,LCP,LWRITE
1o COMMON /GEOM1/X(67,3)4,V(67,3),MRIN
17 COMMON /GEOM2/VP(67,43) VN(67,3),BD(67,2) VHAG(6T) (RIC(AT),
18 2VIC(07,3), XM (67, 3)
1y COMMON 7/ ¢BDY/RHOS
3 20 COMMON /FOCAL/F,ZOP
! 21 COMYON /SOKINF/XS(3)
22 CORMON /RDY2/THY ,TH2 ,THER
j 25 COMMON /ZDIR/ZDC3) JHIXGEIY T2
‘ 24 COMMON /NE/RFCT, X0O(3) (PHIF,P2 RK
\ 25 COMMON /GTDD/ZLFEED LOUT JLCP JIWRITE (COSPT SINPT RFFDi- g 1 EMD
20 COMMON /DSC/ZDS DHDPS DPH IS, i3H, 8PS, BPH
271 COMMON /COMP/CX(CY,Gr 4 PHP PHO KX KY, TY14 SINTL ,COSTL
28 COMMON /P1S/PI,TPI,DPR .
29 COMMON /LOGDIF/LSLGPE, LCORNR JLNF JLitANC
K1) COMMON /TEST/ZLDEBUG, LLTESTNTEST
x| COMMON /ZkEFL/ZDD4RO,ICU,JCO
32 COMMON /GRIDI/GRIDX,GKIDY, EA
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39 COMMON /0UT/NW

34 DATA DLVI/0.02/
35 DATA DELT/@.@1/
30 C
57 Z0=F-ZOpP
58 C=(B.,1.)
39 BDEL=4.
40 IF (LCOKNR) BUEL=#.5
41 FN=2.
42 KP=1
45 PHP=0.
“4 PHQ=Y0.
: 45 IF (LSLOPE) KP=2
46 IF (LDEEUG) WRITE (NW,106)
47 106 FORMAT (/,” DEBUGGING GID SUBROUTINE?)
48 IF (LNF) GO TO |
49 PHI=P2
") PHIR=P2/DPR+ 1 .E-4
51 SINP=SIN(PHIR)
52 COSP=COS (PHIR)
53 S=RK
¥ 54 GO TO 2%5
| 55 1 SINPE=SIN(PHIE/DPR) '
i o COSPE=CGE( PHIE/DPR) '
57 IF (.NOT.LRANG) ZE=Pp2
b8 IF (LRANG) RE=p2
5¢ ¢
ol WRITE (NW,24¢) RHOS(1),RHOS(2)
61 244 FORMAT (/T12,THE REFLECTED SHADON BOUNDARIES IN THE PHIF/,
62 27 PLANE ARE Ai%,//7129,7RHOST =7 ,F9.3,5X, AND RHOS2 =/,FY.3./
/)
" PREVP=301.
¢4 255 P3=p3]
oY DO 100 NM=1,NGTD
00 NN=NM+NTHE
¢ IF (.NOT.LNF) GO 70 % L
ot C
oY C *****x NEAR FIELD COORDINATE CONVERSION #wk
16 ¢
11 IF (.NOT.LRANG) GO TO 3
12 THE=P3/DPR
13 SINTE=SIN( THE)
74 COSTE=COS (THE)
75 242 XNC(1)=X(O(1)+RE*SINTE*XCOSPE
76 XN (2)=X(0(2) +KE*SINTE*SINPE
Y XN (3)=X(0(3) +RE*COSTE
78 IF (LDEBUG) FRITE (NK,205) RE,P3
79 205  FORMAT (/T1¢,7RE =2, Fl10. 3,5X,THE =2 F7.2,/)
80 IF (XNC1)oNE.J oo OR.XR(2) JNELG) GO TO 4
81 SINIE=SINTE+@, 64 |
82 GO TO 242
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302

o

ZL=P3

DRHO=ZL-RHOS (1)

IF (DRHU.LE.@.21 . AND.DRHO.GE.0.) ZL=RIGS(1)-3,05
DRHO=ZL-RHOS(2)

IF (DRHOJLE.2.21 AND DRHO.GE .8.) ZL=R10S(2)+1. (15
XN (1)=XC0( 1)+ZL*COSPE

XN (2)=X00(2) +ZL*SINPE

XN (3)=ZE

IF (LDEFUG) ¥RITE (NW,302) ZF,PZ

FORMAT (/110,72E =2 FI10.3,5X %71, =7 ,Fl@.4,7)
PHIR=BTAN2 (XN(2) ,XN( 1))

SINP=SIN(PHIR)

COSP=C0S (PHIR)

RR=SCRT (XN (1 )% XM (1 )4+ XM(2 )% XN (2 )4 XN (3)%XN(3))
IF (LDEBUG) WRITE (NR,108) XH(1),XN(2),XM(3)
COST=XN(3) /KR

THER=ACOS(COST)

THET A=THER*DDPR

GO TO 6

THETA=P3

THER=THETA/DPR

IF ((LTEST).OR.(LDEBUG)) WRITE (NW,2) THETA
FORMAT (/T2 THTHETA =,F7.2/)

SINT=SINCITBER)

COST=COS(THER)

EDX= (4. ,¢).)

EDY=(0.,t%.)

EDZ=(0.,0.)

DCI)Y=SINT*COSP

D(2)=SINT*SINP |
D(3)=COST

DO o¢ ME=1  MRIM i
EDPR=(d. ,d.)

EDPL=(Q. ,@.)

ECPH=(d. ,¢1.)
ECPL=({.,¢.)

MC=iE+ |
IF(MC.GTMRIM) MC=|
IF (.NOT.LNF) GO 10 ¢
DMAG=().,

DO 7 N=1,3

DO =XN () =X K (ME N
DMAG=DMAGHN () *D (1)
DMAG=SQkKT (DN AG)
S=UMAG

IF (LDEFUG) WRITE (N, 199) DMAC
DO 8 N=1,3

DCNY =D} )ZDMAG

V=0,
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153
134
135
136
137
138
139

140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
I1by
16¢
loli
162
105
164
165
; loo
| 167
168
oy
17¢
171
172
173
174
175
l76
157
178
179
180
181

crit

112

19y

20

103

2N=1,3)
23(/T306,4F10.4),/)

DO 19 N=1,3
IF (LDEEUG) WRITE(NW,188) D(N)
DV=DV+D(N)*V (ME, N)

BDLOW=BD(ME, 1)-RDEL
BDHI1 =B (ME 42 )+BDEL

IF (LDELUG) WRITE (MW, 12) ME,DV,BDLOW,BDHI

FORMAT (/T19,12,7 DV=/,F8,.4,5X,’BDLOW =/,F8.4,5X,7BDH] =/,F8.4

DETERMINE IF DIFFRACTION EXISTS
I1F(DV.LT.BDLOW.OR.DV.GT.BDHI )GC T0O 60

COMPUTE EDGE DIFFRACTION POINT

CALL DFPTWD(XS,XN,DV,VI,SP,XD,ME)
IF (LDEEUG) WRITE (NW,112) ME,SP (XS (1) XM(ME,N) 4XD(N) VI(N),

FORMAT (I5,5X,4HSP =,F10.4,11X,2HXS, 8X,2HXHM,8X,2HXD, 9X ,2HVI,

IF (,NO1.LNF) GO TO 14

DMAG=0.

DO 11 N=1,3

D(N)=XN(N)=XD(N)

DMAG=DMAG+D(N)*D(N)

DMAG=SQRT(DMAG)

S=DMAG

IF (LDEBUG) WRITE (NW,199) DMAG

FORUAT (/T10,2DMAG =/ ,F1R.3,7)

Dv=4d.

UG 13 N=1,3

D(N)=D(N)/DMAG

DV=DV+D(N) *V (ME, N)

IF (LDEBUG) WRITE (NW,=) D(N)

ADN=0#),

VMG=0,

COMPUTE VMG,WHICH IS DISTANCE FRO% FIRST CORNER OF

EDGE TO DIFFRACTION POIMNT.

DO 15 N=1,3

VMG=VUGH (XDIN) =X (ME,N) ) *V(ME ,N)

ADN=ADN+ (XS(N)=X(1 ,N))®VN(ME ,N)

LDIF=.TRUE.

IF (LDEBUG) WRITE (NW,200) VMG,VMAG(M:),DV

FORMAT (/T10,/VMG =/ ,E10.3,5X,7EDGE LENGTH =/,E102.3,/T10d,
27DV =’ ,Fl2.4,/7)
IF(VMG.LT.7.)GO TO 121
IF(VHG,LE. VMAG(ME) )GO TO 192
SP=RMC(NMC)

DO 143 N=1,3

VI(N)=VIC(MC ,M)/SP
LDIF=.FALSE.

GO TO 1w2
SP=RMC(ME)
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183
1ba
189
180
187
168
16y
150
1+
Iv.
145
194
145
196
197
148
16y
2
2¢ 1
202
2035
214
2¢5
280
26
268
20%
21w
211
212
213
214
215
2lo
217
218
21y
220
221
222
225
224
225
220
227
228
22Y
Y]
231
2352

194

112

20
crn
cte

w7

(o N ¢

cett

¥

198
C
ceet

DO 144 N=1,3

VI(N)=VIC(AE MN)/SP

LDIF=.FALSE.

Ql=0.

PP=¢.

Qb=0.

PD:"’.

DO 260 N=1,3

QI =QI-Vh (ME, M) *VI(N)
PP=pP=V (i, )2V I (N)
OD=QD+VN(MI: ,N) *D(N)

PD=PIHVP (MELNI*D (1)

PS,PSO AKE THE DIFFRACTION PHI ANGLES,WHEERE PSO IS
INCIDENT PHI AND PS 1S DIFrRACTED PHI.
PSOK=BTAN2 (0] ,PF)

PSO=DPR*xPSOR

IF(PSO.LT.¥.) PSO=360.+PS0O
PSR=DBTAL2 (0D ,PD)

PS=DPR*F Sk

IF (LDEBUG) WRITE (NW,107) ME,PSO,PS
FORMAT (/T10,15,5X,7PS0O =4 ,F7.2,5X4/P5 =2,F7.2,/)

* CHECK IF DIFFRACTED FIELD IS BLOCKED BY THE REFLECTOR *

IF (PS.GE.@..AND.THER.GT.THER) GO TO 6¢

IF(PS.LT.0.) PS=36€.+PS

FNP=FN* 180 .

SPHO=SIN(PSOR)

CPHO=COS(PSOR)

SPH=SIN(PSR)

CPH=COS( PSR)

COMPUTE DI FFRACTION POLARIZATION UNIT VECTORS(PHO,PH,ROP,30)
DO 30 N=1,3

PHO(N) ==VP (ME, N) *SPHO+VN (ME ,N) *CPHO
PH(N)==VP (ME ,N)*SPH+VN (M E,N) *CPH

BOP ( 1)=PHO(2)*VI (3)~PHO(2)*VI(2)

BOP(2)=PHO(3)*VI (1)=PHO(1)*VI(Z)
BOP(3)=PHO (1 )*VI (2)~PHO(2)*VI(1)

BO(1)=PH(2)*D(3)~PE(3)*D (2)

BO(2)=PH(3)*D( 1)~PH( 1)*D(3)

BO(3)=PH(1)*D(2)~PH(2)*D (1)

IF (LDERUG) WRITE (HW,138) (PHC(N) ,PH(N) ,BOP(N),BO(N) N=1,3)
FORMAT (T20,4F12.5)

COMPUTE SOURCE PATTERN +ACTORS
DO 29 K=1,KP
PSIR=BTANZ (SORT(VI (1)*VI (1)+VI(2)*VI(2)) ,~VI(3))

PHIPR=BTAN2(VI(2),VI(1))
PSI=PSIk*DPR
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233 PHIP=PH1 PR*DPR

234 CALL FEEID(PS1,PHIP,PSA,PHGAM)

235 IF (K.EQ.2) GO TO 24

236 PSA1=PSA

237 PHGAN. i =PHGAM

238 24 GFP(K)=GF

239 DO 27 N=1,3

24y VI(N)=VI (N)+PHO(N)*DLVI

241 27 CONTINUE

242 29 CONTINUE

245 GE=GFP( 1)

244 CALL FPOL(EIX,EIY,EIZ,PSAl ,PHGAMI)

245 Ir ((LDIF).AND.(LDEBUG)) WRITE (NW,25) EIX,EIY,EIZ
2406 25  FORMAT (/T19,5HEIX =,2F10.4,5X,5HEIY =,2F10.4,5X,5HE1Z =,
247 1210.4,7) ,

248 EIPR=(EIX*PHO( 1) +EIY*PHO(2)+EI Z*PHO(3) )*F/SP

24y EIPL=(EIX*BOP(1)+EIY*BOP (2)+EIZ*ROP(3) )*F/SP

25u Ir (LDEBUG) WRITE (NW,31) SP,EIPR,EIPL

251 :1  FORMAT (T5,4HSP =,F1@.4,5X,6HEIPR =,2E10.3,5X,6HEIPL =,2E10.3)
252 IF (.NOT.LSLOPE) GO TO 36

253 GF=(GFP(2)~GFP(1))/DLVI

254 CALL FPOL(FEIX,ElY,EIZ,PSAl,PHGANI)

255 EIPRP=(EIX*PHO(1)+EI Y*PHO(2)+EIZ*PHO(2))*F/SD

256 EIPLP=(EIX*BOP(1)+EI YABOP(2)+EIZ*BOP (3))*F/SDP

257 IF (LDELUG) WRITE (Mh,37) EIPRP,EIPLP

258 37 FORMAT (T24,7HEIPRP =,2E10.3,4X,7HEIPLP =,2E14.3)
25y ¢

20@ C!'!! COMPUTE SBO=SINE(BO)

261 C

2062 3o CONTINUE

265 SBO=SQRT ((V(ME,3)*D(2) =V (ME,2)*D(3)) *x2+ (V(ME, 1)
204 &*D(3)=V(ME,3)*D (1)) %k2+ (V(HE,2)*D(1)=V(ME, 1 )*D(2))
265 8*%2)

266 TPP=SP*SBO*SHO

267 IF(LNF) GO TO 592

268 GAM=0.

209 AS=SQRT(SP)

270 DO %94 N=1,2

271 590 GAM=GAM+XD (N)*D(N)

272 GO TO 545

213 592 GAM=-S

274 AS=SQRT(SP/(S*(S5+SP)))

275 TPP=TPP*S/ (S+5P)

270 595 IF (LDELUG) WRITE (NW,599) ME,TPP,PS,PS0,SBO
277 999  FORMAT (I110,9X,3Hk =,F9,4,5X,4HPS =,Fy,.4,5X,5HPS0O =,F9.4,

218 25X 5HSRC =,F¢€. 3)

27y EXPH=CEXP(CMPLX(#A, ,TPI*(GAM=SP1))

280 EIPR=EIPR*EXPH

281 EIPL=EIPL*EXPH '
282 EIPRP=E] PRP*EXPH
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2860
284
285
280
287
288
28Y
29U

3l
311
312
313
314
314
3lo
317
31b
31y
324
321
322
323
S22 4
325
320
327
324
324
330
3ol
332

IS I

ovl

261

cacco

e

304

£154)

ceLi

22
206

E1PLP=E]PLP*EXDPH

CP=CJU*TP1*GP*SKO

IF (LDEBUG) KRITE (NW,6(01) GAM,AS,EXPH,EIPR, EIPL,EIPRP,EIPLP
FORMAT (T10,5HCAM =,F15.0,5X,7AS =7 ,F15.6,/10E12.6)

DO 361 J=1,2

DEL(J)=E.

CORN(J)=(4.,0.)

*kkkk SKIP LOOP 22 IF LCORNR FALSE *%kkk

I+ (.HOT.LCORNR) GO TO 26

MC=M(:

ISN=1

LOOP THkU BOTH CORNERS ON ENGCE #XE.

DO 22 1=1,2

TE(MC.G1 MRIN) MC=1

ISN=-1 SN

SC=t4C (HC)

IF (LDELUG) WRITE (NW,3011) (V(ME,N),VIC(MC.N) N=1,3)
FORMAT (/3(T10,2F10.5,7)) '
COSBC=V(ME , 1 )%VIC(MC, 1 )+ V(XE,2)*VIC(NC,2)+V(ME,3)%VIC(HC,3)
COSBC==1 SN*COSBC/SC

CBOC=1SN*DV

IF (LDEFUG) WRITE (N¥,-) ISN,SC,COSBC,DV,CBOC
BETC=ACOS(COSBC)

SINBC=SIM(BE1C)

RLC=SC

ASC=1,

ZP=(X(MC, 1)=XDC1))*D 1)+ (X(MC,2)=X[(2))*D(2)
&+ (X(MC,2)~XD(3))*D(3)

IF (.MO1.LNF.AND..NOT.LKANG) GO TO 3¢5

DO 304 N=1,3

SX=XN(N)=X(MC,N)

SV=SV+SX*V(NE,N)

SSM=SSM+SX*5).

SS=SORT(SSM)

CBOC=ISN*SV/E&S

RLC=SC*{S/ (5C+5S)

ASC=1/S5S

LP=5-5S

BE1OC=ACCS(CEOC)

DELCI)=2.4TPI*RLC*(COS(.5% (BETC+BETOC) )**2)
TERK==SINBC*EORT(SP/SC)I*ASC/ (TP +(COSBC+CBOC))

COMPUTE CORNEK DIFFRACTION COEFrFICIENI(CORN).

CORN (1 )==~TERM*rECT(DEL (1)) *CEXP(CMPLX( ¢ y=TPI*(SC=SP=ZP) =, 25l
[F (LLDEEUG) YRITE (NV,331) BETC,BETOC,SC,SP,SS,HLC,ZP,DEL(T),
2TERM (CORL(T)

MC=MC+ |

CONT INUL

187




AD-AC9T 415 OHIO STATE UNIV COLUMBUS ELECTROSCIENCE LAB F/6 20/4%
NUMERICAL ELECTROMAGNETIC CODE (NEC)=-REFLECTOR ANTENNA CODE: PA==ETC(U)
SEP 79 S H LEEr R C RUDDUCK N0O123=76=-C=1371

UNCLASSIFIED ESL-784508-16 NL




""l T

—— i ;.2
= Iz

T R P
-~ n

22 flie e

MICROCOPY  RESOLUION  TEST CHARI
WA AL et Can .




334
33H
356
3357
338
33Y
340
34|
342
345
344
345
340
347
34b C

34y (!}

350 C
351
352
355
354
355
356
357
358
3ny
30¢
361
302
363
364
365
366
307

32

20i

203

42

38

308 C!!!

36y C
37¢
371
372
375
374
375
3716
377
378
3719
38¢
381
382
385
384 C
385 C
386 C

45
48

55

60

02

CALL NCHP(DEL,CORN,TPP,PS,PSO, SBO)

IF (LDEBEUG) WRITE (MW,32) DS,DH,DPS,DPH
FORMAT (/T10,4HDS =,2F10.5,5X,4HNDH =,2F12.%,/T10,54DPS =,
22F180.5,5X,5HDPH =,2F10.5,/)

IF (.NOT.LDIF) GO TO 2@2

EDPR==EIPR*AS*!)H

EDPL=~EIPL*AS*DS

IF (LDERUG) WRITE (NW,34) ME,EDPR,EDPL

IF (.NO1.LSLOPE) GO TO 2@2

EDPR=EDPK+EI PRP*AS*DPH/CP

EDPL=EDPL+EIPLP*AS*DPS/CP

CONTINUE

IF ((LD1F).AND.(LDEBUG)) WRITE (NW,34) ME,EDPR,EDPL
FORMAT (I15,5X,6HEDPR =,2F13.4,5X,6HEDPL =,2F17.4)

IS CORNER DIFFRACTED FIELD DESIRED?

Ir (.NOT.LCORNR) GO TO 45

IF (LLDERUG) WRITE (NW,3%) BS,BH,BPS,BPH

FORMAT (T10,4HBS =,2F10.5,4X,4HBH =,2F10.5,/T10,5H1{BPS =,
22F10.5,4X,5HEPH =,2F10.5,/7)

ECPk=-E] PR*BH

ECPL=-EIPL*BS

IF (LDEBLUG) FRITE (NW,42) ME,ECPR,ECPL
IF(.NOT,LSLOPE)GO TO 203

ECPR=ECPR+EI PitP*BPH/CP

ECPL=ECPL+EIPLP*BPE/CP

CONTINUE

IF (LDEEUG) WRITE (NV.,42) ME,ECPR,ECPL

FORMAT (I15,5X,6HECPR =,2E1¢#1.3,5X,8HECPL =,2E17.3)
EDPR=EDPR+ECPR

EDPL=EDPL+ECPL

IF (LDEEUG) WRITE (NV,38) ME,EDPE,EDPI.

FORMAT (I15,5X,6HEDPR =,2E10.3,5X,6HEDPL =,2E10,3)
COMPUTE THETA AND PHI COMPONENTS OF TOTAL DIFF. FIELD

CONTINUE

DO 48 N=1,3

ED(N)=EDPL*BO(N)+EDPR*PH (N)

IF (LDELUG) WRITE (NW,55) ME,ED(1),ED(2),ED(3)

FORMAT (115,5X,5HED! =,2E1@.3,5X,5HED2 =,2E10,.3,5X,5HED3 =,

22E1¢.3)

EDX=EDX+ED(1)

EDY=EDY+ED(2)

EDZ=EDZ+ED(3)

CONTINUE

IF (.NO1.LNF) GO TO 8@

IF (LOUT) WRITE (NW,62) EDX,EDY,EDZ

FORMAT (/T16,TIA,5HEDX =,2E19.3,5X,5HEDY =,2E10.3,5X,
25HEDZ =,2E16.3,/)

*k%xx NEAR FIELD SECTION *%xxx
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387
388
38Y
3v¢
3vi
392
3v5
3v4
3vY
396
37
3v8
3yy
4¢P
4¢ )
402
495
404
495
406
4v7
4¢8
4¢y
410
411
412
413
414
415
4i0
417
418
41y
429
421
422
423
424
425
420
427
428
42y
450
431
4:2
433
454
43Y

~Co

cocc

64

ob

I

12

XI=XNC1)=XS(1)

X2=XN(2)~XS(2)

X3=XN(3)=XS(3)

RHO=SQRT (X 1% X1 +X2*X2)

IF (XH(Z).LT.Us) GO 10 65

RHON=SOKTC (XNC1)=X00( 1)) **24 (XN(2)=X00(2)) **2)
IF (RHON.LT.RH0S(2).0R.&HON,GT.RHOS(1)) GO TO 65

***x REFLECTED FIELDS %% |

I=1CO+XNC1)/CGRINDX+DELT

J=JCO+XN(2)/GRIDY+DELT

M=1+1

N=J+1

DX=XN(1)/GRIDX+ICO-1

DY=XN(2)/GRI1DY+JCO-J

PHER=CEXP(=CJ*TPI*XN(3))

ERX=(EACT M M) * (1, =DX=DY)+EAC(] M+1 NIXDX+EAC ] M N+ 1) *DY ) *DPHER
ERY=(EA(2 , M N)*( | ¢ =DX=DY)+EA(2 JM+] NIXDX+EA(2,M, N+ 1) xD)Y) *PHEFR
IF (LOUT) WRITE (NW,64) ERX,ERY

FORMAT (/T10,7ERX =7 ,2E12.4,5X,7ERY =/ ,2E12.4,/)

EDX=EDX+ERX

EDY=EDY+ERY

*%k SPILI.OVER FIELDS w%%*

IF (.NOT.LFEED) GO TO 74

PHIPR=BTAN2(X2,X1)

PHIP=PHI PR*D)PR

PSI=BTAN2(RHO,-X3)*DPR

THETA=1t¥.~PSI

RS=SORT(RHO*KRHO+ X3%X2)

PHEI=CEXP(=CJ* TP RS )*F/RS

IF (XN(3).CGE.¥,) GO TO 70

IF (ABS(PHIP=PREVP).GT.01,331) CALL SBDY(MRIM,X,XS,PHIE,
2TH1,TH2 , THEB)

PREVP=PHIP

IF (ABS(THETA=TH1).LT.2.9%) THETA=THETA+0.05

IF (ARS(THETA-TH2) LT.@.?5) THETA=THETA-0,35

IF (THOTALLE.TH2 .AND.THETALGE. TH1) GO TO 74

CALL FEED(PSI,PHIP PSAPHGAM)

CALL FPOL(EIX,FIY,EIZ,PSA,PHGAX)

EIX=EIX*PHEI

EIY=EIY*PHEI

E1Z=FIZ»PHEI

IF (LOUT) WRITE (NW,72) EIX,EIY,EIZ,ELX,EDY,EDZ

FORMAT(2H O, TI5H,SHETX =,2E10,4,5X,5HFLY =,2E100.4,5X,5E1Z =,
22E10.4,179,1HO,/2H O,T1%,S5KEENDX =,2F10.4,5X,5HEDY =,2[17,4,
35X, HHEDZ =,2E10.4,T79,1H0)
EDX=EDX+EI X
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457
438
45y
440
44|
442
443
444
445
446
447
445
449
450
45 |
452
453
454
455
450
455
4HYH
454
40(
401
462
403
404
465
466
467
408
40Y
470
471
472
473
474
475
470
477
478
47y
431
48 1
482
483
454
485
480

= e e

coee

coc

coc

™

80

82

84

EDY=EDY+EIY

EDZ=EDZ+EIZ

IF (.NOT.LRANG) GO TO 75
EDT=COST*(COSP*ENX+SINP*EDY)-SINI*EDZ
EDP==SINP*EDX+COSP*EDY

GO TO 84

CALL DBPHS(AEDX,EDX,.)

CALL DBPHS(AEDY,EDY,@.)

CALL DBPHS(AEDZ,EDZ,0.)

IF(LWRITE)WRITE (NW,76) P3,AEDX,EDX,AEDY,EDY,AEDZ,ENZ
FORMAT(2H W,T5,F6.2,4X,,3(E1¥4.3,2F10.2))
PLT=REAL (EDY)

GO TO 9¢

*kkkkx FAR FIELD SECTION *%%xx

EDT=(COSLT*COSP*EDX+COST*SINP*EDY-SINT*EDZ) *RFCT
EDP=(=SINP*EDX+COSP*EDY)*RFCT

IF (LOUT) WRITE (NW,82) EDT,EDP

FORMAT(Z2H T,4104,7EDT =2,2E11,3,9X,7EDP =7,2E11.3,T79,1HT)
I+ (.NOT.LFEED) GO TO 84

IF (THETA.L1.TH2 .AND.THETA.GT.TH!) GO TO 84

*%%x SPILILOVER FIELDS **%

PSI=188.-THETA

PSIR=PSI/DPR

SINS=SIN(PSIR)

COSS=COS(PSIR)

CALL FEED(PSI,PHI,PSA,PHGAM)
CALL FPOL(EIX,ElY,EIZ,PSA,PHGAM)
EIT==COLS*COSP*E [ X~COSSk SINPX*E]Y-SINS*EIZ
EIP==SINP*E] X+COSP*E]Y

PHEI =CEXP(CJ*TP] *Z0*COST )*FxRFCT
EIT=EITAPHEI

EIP=EIP*PIIE]

IF (LOUT) WRITE (NW,-) EIT,EIP
EVT=EDT+EIT

EDP=EDP+EIP

I[F (LOUT) WRITE (NW,82) EDT,EDP

*%%x PRINC AND CROSS POLARIZED COMPONENTS *%#*

TMT=EDT
EDT=COSPT*ENDT-SINPT*EDP
EDP=SINPT*TMT+COSPT*EDP
IF (.NO1.LCP) GO TO 85
TMT=EDT

EDT=TEM2* (EDT-CJ*EDP )
EDP=TEM2*( TMT+CJ*EDP)
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487 8> CALL DBPHS(AEDT,EDT, REFDB) *
448 CALL DBPHS (AEDP, EDP, REFI'B)
a8y IF(LWRITE)WRITE (NW,86) P3,AEDT,EDT, AEDP,EDP
Ay 86  FORMAT(2H W,T5,F6.2,4X,,2(E1(.3,2F13.2),T79, I1HW)
_ ay| PLT=HEAL (EDT)
i 4y2 v CONTINUE
. ay5 WRITE (2) PLT
ay4 P3=pP3+DP:
4y5> 1@¥ CONTINUE
. 496 RETURN
497 END
r |
i
I
1
I
|
19




SUBROUTINE LNFD
PURPOSE

To calculate the feed pattern value by linearly interpolating the
input feed data in a given PHI cut.

|
1

{
|
i
v v Y, Ve v

Y

€

Figure 1. Piece-wise Tinear approximation for feed patterns.

METHOD

The feed pattern value f, at an angle y is calculated by

fo = fy ° (1-dp) + fis1 - dp
where
W'Wi
dpz.__._
¢1+]'¢1

and fi's are the input feed pattern data.
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FLOW DIAGRAM

INPUT VARIABLES

PX (i)
F (fi)
PSI (v)
N2
LDB

OUTPUT VARIABLES
FE (o)

LNFD(PX,F,PSI,N2,FE,LDB)

Input feed pattern angles
Input feed pattern data at PX

Feed pattern angle at which the feed pattern
value is to be calculated l

Total number of input data points
Logical variable which specifies the feed

pattern in dB values, if true, or as linear
field values, if falsc

Calculated feed pattern value

Loop through N2-1 input
feed angles

End of loop

T F
Calculate feed pattern value
at PSI by linearly inter-
go]ating the adjacent two
nput feed pattern data

FE=-500 FE=0 2 e
L ]
L
RETURN
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CODE LISTING

SUBROUTINE LNFD(PX,F,PSI ,N2,FE,LDB)
DIMENSION PX(15) ,F(15)

ILOGICAL LDB

N3=ji2=1

DO 19 I=1,N3

IF (PSI1.GCT.PX(I+1)) GO TO !9
DP=(PSI=PX(I1))/Z(PX(I+1)~-PX(]))
FE=F (I)* (1 .,=DP)+F(I+1)*DP
RETURN

CONTINUE

FE’”.

IF (LDB) FE=-510.

RETURN

END




! SUBROUTINE SBDY
PURPOSE

To calculate the shadow boundary angles for the spillover field,
the edge diffracted field and the reflected field.

Pis
(a) FRONT VIEW (b) sSIDE VIEW FOR
SPILLOVER FIELD
SHADOW BOUNDARY
SB
RB,
P,
XS xsy ¥
z - 2
9 1e
1
B:
(c) SIDE VIEW FOR (d) SIDE VIEW FOR
DIFFRACTED FIELD REFLECTED FIELD
SHADOW BOUNDARY SHADOW BOUNDARY ‘
Figure 1. Geometry for shadow boundary angles. )
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METHOD

In order to find the appropriate shadow boundary angles and dis- :
tances, the intersecting points on the reflector rim cut by the PHI
plane must be located. By comparing ¢ with y; and yp, which are the
projected angles defined by the source XS and the rim points P and
Pi41» respectively, measured from the x-axis, on the aperture plane,
(}ig. la) the index of the rim section cut by the ¢ plane is found and the
intersecting point coordinates x and y can be obtained by solving the
linear equation of the corresponding edge and y=x tan¢; then z by solving

Lo X%y
aF :

Once x,y and 2z are determined, the parameters for the different
shadow boundaries are readily found as follows:

a) Incident shadow boundary angle o

0]’2 = n-a]’z

where o is defined by XS and the intersecting points on the rim (see
Fig. 1b) and is given by

/
s (xXS(1)) 3+ (y-X5(2))2
. tanw\%&)

b) Diffracted shadow boundary angle og

This angle is defined by the two intersecting points on the
upper and lower rim respectively, measured from the z-axis (Fig. 1c)
and is given by

0g tan”! (%%—

where

a0 = J(xp=x) )+ (y-y)*

and

Az = Z" 'Zz
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H-l
. c) Reflected shadow boundary distance og

bs1.2 = J(x-XS(1))%+(y-xs(2))?

which is illustrated in Fig. 1d.
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FLOW DIAGRAM

SBDY(N,RIM,XS,PHI,TH1 ,TH2,THEB)
INPUT VARIABLES

N Number of rim points
RIM Rim point coordinates
PHI Pattern plane cut

XS Source location

OUTPUT VARIABLES

TH1,TH2 (7 ©2) Shadow boundary angles for spillover field
THEB (eB) Shadow boundary angle for diffracted field

Loop through rim points I=1,N

Calculate the angles GAM] and GAM2

~——— YES

Store index of the
rim cut by PHI

Calculate intersecting
rim point coordinates

Calculate reflected shadow
boundary distance
RHOS1 and RHOS2

'
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'
t
!

R =y

et o oM e <= e s e i i

Calculate angle ALPHA and
incident shadow boundary
angles TH1 and TH2

Calculate dijffracted shadow
boundary angle THEB

RETURN
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KEY VARIABLES

ALPHA

GAM]

GAM2

ML
MU
RHOS

x(1)

X(2)

X1

X2

Y(1)

Y(2)

Y1

Y2

(a)
(vy)

(v5)

(o)

Incidert shadow boundary angles measured
from negative z-axis

Projected angle defined by XS and RIM POINT P:

measured from the x-axis

Projected angle defined by XS and RIM POINT
P;+] measured from the x-axis

Index of the lower rim cut by PHI
Index of the upper rim cut by PHI
Reflected shadow boundary distances

X-coordinate of the upper intersecting
rim point

X-coordinate of the lower intersecting
rim point

X-component of the distance from the source
to rim point P,

X-component of the distance from the source
to rim point P,

Y-coordinate of the upper intefsecting
rim point

Y-coordinate of the lower intersecting
rim point

Y component of the distance from the source
to rim point P,

Y component of the distance from the source
to rim point P; 4y
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CODE LISTING

SUBHOUTINE SEDY(N,RIM,XS,PHI ,TFI ,TH2 ,THER)

A —

*x% THIS SUBKROUTINE CALCULATES THE SHADOW BOUNDARY ANGLES
FOR SPILLOVER FIELNS AS WELLL AS EDGE DIFFRACTED FIELDS
OF A PAHAROLIC REFLECTOR ANTENMA,

*%%x THE RANGE OF INPUT PHI ANGLE IS IN (-180,,180.)

cococoeccocc

DIMENSICN KIM(67,2) 4 ALPHAC2) ,X(2),Y(2),2(2),XS(3) ,RHOS(2)
DIMENSION MU(2),ML(2),SIGN(2)
LOGICAL LTEST,LDEBUG

COMMON  /RFBDY/RHOS

COMMON /FOCAL/F,70P

COMMON /PIS/PI,TPI,DPR

COMMON ZOUT/NwW

COMMON /TiEST/LDEBUG,LTEST,NTEST
IF (LTEST) WKITE (6,=) N,PRIR
HPI=PI/2.

THPI=3.%xHP]

PHIR=PHI/ZDPK

TANP=TAN (PHI R)

IF (PHIK.GT.¢.) PHIPH=PHIE=PI
IF (PHIK.LE.@.) PHIPR=PHIR+DI
Li=t

L2=¢

Ne=E XU 2

RN = e o e e . —
- OO C U AN

LN
N

295
24

NN
ov

N
-

*%% . 3 # OF INYFERSECTING POINTS ON TFE APERTURE RIM CUT BY PYI
ANL PHIP. :
MU,MLs INDEX OF THE RIM POINT CORKESPONDIMG TO THE kIM SECTI

NN
Nalie

CUT RY PHI AND/OR PHIP RESPECLVIVELY.

DO 18 I=1,N

XI=RIN(I,1)=XS(1)

YI=RIM(],2)=X5(2)

GAMI=RBTAN2(Y1,X1)

J=l+1

Ir (J.G1.00) J=1

X2=RIM(J,1)=X5(1)

Y2=RIN(L,2)=X5(2)

GAM2=lsTAN2 (Y2, X2)

I (GAR) oGl O o AED G2 LT e s) GAM2=GAN2+TP1
Ir (ABGSCOANMT=GARD) I T.PT)Y GO TO 6

I+ (TANCGAMI)* AN(GAVD) . GT .Y CO TO 100
GO TO 8

IF (GAM2.GT1T.GAMNY) GO TO »

TEMP=GANI
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cecocacocco

%)

12
14

1S}
16

2v)

GAM1=GAM.

CAM2=}1EMP

CONTINUE

IF (PHIK.LT.GAMI OR.PHIR.GE.GAN2) GO TO 9
Li=Li+1

MU(LI1)=1

IF (PHIPR.LT.GAM},OR,PHIPR.GE.GAM2) GO TO 10
L2=L2+]

ML(L2)=]

CONTINUE

L=L1+L2

I (L.Gl.2) ReRITE (6,12) L

FORMAT (/118,’L=",12,5X,”ABNORNMAL RIM SHAPE’,/)
IF (LDEEUG) WRITE (6,14) L,LI1,L2,MUCT) MU(2),4LCT) ML(2)
FORMAT (/T10,’L=*,12,5X,615,7)

IF (L.EQ.2) GO TO 15

*x%x <2, EITH:ER PHI CUT TANGENT TO THE APERTURE RIM (L=1),
OR MISSING THE APLRTURE PLANL (L=).

1THiI=180.

TH2=180.

RETURN

Ir (Li=-1) 16,17,18
Mi=ML(1)

M2=ML(2)
SIGN(1)=-1.
SIGN(2)=-1.

GG TO 2¢

Mi=MU(1)

M2=ML(1)

SIGN(1) =1,
SIGN(2)==1.

GO TO 20

Mi=MUCl)

M2=MU(2)
SIGN(I)=1,
SIGN(2)=1.

I+ (LDEEUG) RRITE (6,~) Ml M2

**% CALCULALE THE CCORDIMATES OF THE INTERSECTING POINTS

(XCI) o YCI) ,ZC1)) AND THEIR CORRESPONDING ANGLES ALPHA(1) AND

ALPHA(2) MEASURED FROM THE NEGATIVE Z-AXIS.
ALL REFERRING TO THE SOURCE POINT XS.

11=M])

DO 39 I=1,2

Xi=RIM(I1,1)=XS(1)
Yi=RIM(I1,2)-XS5(2) ‘

IF (LDERUG) WRITE (6,32) X1,YI
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Y7
L 2.
Yy
1X7A%]
e
w2
103
lea
K73
lvwe
le
108
1wy
11
il
112
115
114
115
116

117
11E
Ny
12¢

22

25
28

']

S

[2=] 1+1

Ir (12.CT.N) 12=1

X2=RImM(l12, 1)=-XSC1)

Y2=kIM(]2,2)=-X5(2)

I+ (LDERUG) WRITE (6,32) X2,Y2

IF (ABS(X1-X2).LT.1.E=3) GO TO 25
SLP=(Y2=Y1)/ (X2=X1)

IF (ABS(PHI=S¢¢}.) JJ.Tel1.E=3) GO 1CG 22
X(I)=(X2*SLP=Y2) Z( SLP=-TAMNP)
Y(I)=XCI)*TANP

GU 1T0 2&

Y(I)=Y2=-X2%SLP

X(I)=uv,

GO 10 28

X(I)=X1i

Y(I)=X(1)*TANP
RHOSC(I)=SIGN (1 )*SQORT(X(I ) *X(I)+Y(I)*Y(I))
IF (LDELUG) WRITE (6,=) I, 11, XCI),Y(D1) KHOS(I)
I11=M2

CONTINUE

IF (L1.,EN.1) GO TO 31
IF (RHOS(1).CGE.KHOS(2)) GO TO Z1
TEMP=X(1)

X(1)=X(2)

X(2)=TEMP

TEMP=Y (1)

Y(1)=Y(2)

Y(2)=TEMP
TEMP=RHCS( 1)

RHOS (1)=RH0OS (2)
RHOS(2)=TEMP

**xx X(K),Y(K),Z(X) REFER TO THE REFLECTOR COORDINA

DO 40 K=1,2

XP=X(K)

YP=Y (K)

X(K)=XP+XS(1)

Y(K)=YP+XS5(2)

RHOZ2 =X (K ) **2+Y (K)**2
Z(K)=RHC2/ (4 .*xF)=20P

Ir (LTEST) WRITE (6,32) X(K),Y(K),Z(K)
FORMAT (T20,3E12.4)

D=SQRT (XP*XP+YP*YP)

ZL=X5(3)=2(K)
ALPHA(K)=BTAN2 () 4 2Z) *DPh

IF (LTES1) WRITE (6,55) K,ALPHA(K)
FORMAT (T1042ALPHA(? ,11,7)7,F7.2)
CONTINUE
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147 ¢

148 C *#*% SHADOW BOUNDARY ANGLES FOR SPILLOVER FIELD & |
14y C 1
b TH1=180.~-SIGN( | )*ALPHA( 1)

Y TH2=180.-SIGN(2 ) *ALPHA(2)

152 C

153 C *#% SHADOW BOUNDAKY ANGLE FOR EDGE DIFFRACTED FIELD e+

b4 C

159 THEB=HP]

150 IF (ABS(Z(1)=2(2)).LT.l.D-4) GO TO 70

157 DRHO=SQKT ( (Y(2)=Y( 1) )**24(X(2)=X (1)) %*2)

158 DZ=Z (1)=Z(2)

by THEB=BTAN2 (DRHO, DZ )

lov 7¢ IF (LTEST) WRITE (6,80) THEB

1ol 80 FORMAT (/T15,/THEB =/,F10.4,7 RADIANS’,/)

162 RETURN

165 100 WRITE (6,120)

104 120 FORMAT (/T1@,”*%* ELKHOR s TWO COMSECUTIVE RIM POINTS MUST /

165 27LOCATE IN THE SAME QUADRANT OR ADJACENT OQUADRANTS’,/)
loo CALL EXIT
107 END {
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